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(1390 REV. 5-93) US DEPT. OF COMMERCE PATENT & TRADEMARK OFFICE 

TRANSMITTAL LETTER TO THE 

UNITED STATES 
DESIGNATED/ELECTED OFFICE 
(DO/EO/US) CONCERNING A FILING 
UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 
109326 



U.S. APPLICATION NO. 
(if known, sec 37 C.F.R.1 .5) 



09/807867 



INTERNATIONAL APPLICATION NO. 
PCT/IB99/01719 



INTERNATIONAL FILING DATE 
October 20, 1999 



PRIORITY DATE CLAIMED 
October 20, 1998 



TITLE OF INVENTION 

cDNA SEQUENCE TRANSCRIBING AN mRNA ENCODING THE TERMINAL OXIDASE ASSOCIATED WITH CAROTENOID 
BIOSYNTHESIS, AND USES THEREOF 

APPLICANTS FOR DO/EO/US 

Pierre CAROL, Marcel KUNTZ, Regis MACHE 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other 
information: 

1 . S3 This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371 . 

3. ^ This express request to begin national examination procedures (35 U.S.C. 371(f)) at any time rather than 

delay examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 
3 and 39(1). 

A. El A proper Demand for International Preliminary Examination was made by the 19th month from the earliest 
claimed priority date. 

J5- [3 A copy of the International Application as filed (35 U.S.C. 371 (c)(2)) 

a. □ is transmitted herewith (required only if not transmitted by the International Bureau). 

b. £2 has been transmitted by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US) 



S A translation of the International Application into English (35 U.S.C. 371(c)(2)). 

-7. □ Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 
J1 a. □ are transmitted herewith (required only if not transmitted by the International Bureau). 

□ b. □ have been transmitted by the international Bureau. 

Mi c. □ have not been made; however, the time limit for making such amendments has NOT expired, 

d. □ have not been made and will not be made. 

8. □ A translation of the amendments to the claims under PCT Article 1 9 (35 U.S.C. 371 (c)(3)). 

9. □ An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). 

10. □ A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 

(35 U.S.C. 371 (c)(5)). 

Items 11. to 16. below concern other documents ) or information included: 

11. □ An Information Disclosure Statement under 37 CFR 1 .97 and 1 .98. 

12. □ An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is 

included. 



13. 




A FIRST preliminary amendment. 




□ 


A SECOND or SUBSEQUENT preliminary amendment. 


14. 


□ 


A substitute specification. 


15. 


□ 


Entitlement to small entity status is hereby asserted. 


16. 


IE! 


Other items or information: Sequence Listing pp. 1-6 
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U.S. APPLI 
C.F.R. 1.5) 



INTERNATIONAL APPLICATION NO 
PCT/IB99/01719 



ATTORNEY'S DOCKET NUMBER 
109326 



1 7. £3 The following fees are submitted: 

Basic National fee (37 CFR 1.492(a)(1}-(5»: 

Search Report has been prepared by the EPO or JPO ....$860.00 

International preliminary examination fee paid to USPTO 

(37 CFR1.482) $690.00 

No international preliminary examination fee paid to USPTO 
(37 CFR 1 .482) but international search fee paid to USPTO 
(37 CFR 1.445(a)(2)) $710.00 

Neither international preliminary examination fee (37 CFR 

1 .482) nor international search fee (37 CFR 1 .445(a)(2)) 

paid to USPTO $1,000.00 

International preliminary examination fee paid to USPTO 

\Of vrn I -*rOfcy dllU dil Wail Mo ddUollcZU fJI (JvloH-M !o Ul i \-/ I 

Article 33(2)-(4) $ 100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 


CALCULATIONS 


PTO USE ONLY 




$860.00 




iSurcharge of $1 30.00 for furnishing the oath or declaration later than 
20 □ 30 months from the earliest claimed priority date (37 CFR 
11.492(e)). 


$ 




* 3 Claims 


Number Filed 


Number 
Extra 


Rate 






iTotal Claims 


19-20 = 


0 


X $18.00 


$ 




^Independent Claims 


3- 3 = 


0 


X $80.00 


$ 




Multiple dependent claim(s)(if applicable) 


+ $270.00 


$ 




3 TOTAL OF ABOVE CALCULATIONS = 


$860.00 




^Reduction by 1/2 for filing by small entity, if applicable. 


$ 




jl SUBTOTAL = 


$860.00 




processing fee of $130.00 for furnishing the English translation later 
" than □ 20 □ 30 month from the earliest claimed priority date (37 CFR 
1.492(f)). + 


$ 




TOTAL NATIONAL FEE = 


$860.00 






Amount to be 
refunded 


$ 


Charged 


$ 



a. ^ Check No. 118348 in the amount of $ 860.00 to cover the above fees is enclosed. 

b. O Please charge my Deposit Account No. in the amount of $ to cover the above fees. A duplicate copy 

of this sheet is enclosed. 

c. The Director is hereby authorized to charge any additional fees which may be required, or credit any overpayment, 
to Deposit Account No. 15-0461 . A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO: 
Oliff & BERRIDGE, PLC 
P.O. Box 19928 

Alexandria, Virginia 22320 NAME: Mfilliiam "P." 

REGISTRATION NUMBE! 

NAME: Joel S. Armstrong 

REGISTRATION NUMBER: 36,430 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Pierre CAROL, Marcel KUNTZ, Regis MACHE 

Application No.: U.S. National Stage 
ofPCT/IB99/01719 

Filed: April 20, 2001 Docket No.: 109326 

For: CDNA SEQUENCE TRANSCRIBING AN MRNA ENCODING THE TERMINAL 
OXIDASE ASSOCIATED WITH CAROTENOID BIOSYNTHESIS, AND USES 
THEREOF 

PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

Prior to initial examination, please amend the above-identified application as follows: 
IN THE CLAIMS : 

Please replace claims 9, 12 and 14 as follows: 

9. (Amended) Recombinant DNA according to Claim 7, characterized in that it 
comprises the elements required to control the expression of the inserted nucleotide sequence, 
particularly a promoter sequence and a transcription termination sequence. 

1 2. (Amended) Plant cell transformed with a vector according to Claim 1 0. 

14. (Amended) Process for modifying the production of carotenoids in a plant, 
either by increasing the production of carotenoids, or by reducing or inhibiting the production 
of carotenoids by the plant, relative to the normal content of carotenoids produced by the 
plant, said process comprising the transformation of cells of said plants to be transformed 
with a vector according to Claim 1 0. 



U.S. National Stage of PCT/IB99/01719 



Please add new claims 17-19 as follows: 

-- 17. Recombinant DNA according to Claim 8, characterized in that it comprises the 
elements required to control the expression of the inserted nucleotide sequence, particularly a 
promoter sequence and a transcription termination sequence. — 

— 18. Plant cell transformed with a vector according to Claim 11.— 

— 19. Process for modifying the production of carotenoids in a plant, either by 
increasing the production of carotenoids, or by reducing or inhibiting the production of 
carotenoids by the plant, relative to the normal content of carotenoids produced by the plant, 
said process comprising the transformation of cells of said plants to be transformed with a 
vector according to Claim 11.— 

REMARKS 

Claims 1-19 are pending. By this Preliminary Amendment, claims 9, 12, and 14 are 
amended and claims 17-19 are added eliminate multiple dependencies. Prompt and favorable 
examination on the merits is respectfully solicited. 

Respectfully submitted, 




Joel S. Armstrong 
Registration No. 36,430 
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Oliff & BERRIDGE, PLC 
P.O. Box 19928 
Alexandria, Virginia 22320 
Telephone: (703) 836-6400 
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AUTHORIZATION 



Please grant any extension 

necessary for entry; 
Charge any fee due to our 
Deposit Account No. 1 5-0461 
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APPENDIX 

Changes to Claims: 

Claims 17-19 are added. 

The following are marked-up versions of the amended claims: 

9. (Amended) Recombinant DNA according to Claim 7 characterized in 
that it comprises the elements required to control the expression of the inserted nucleotide 
sequence, particularly a promoter sequence and a transcription termination sequence. 

12. (Amended) Plant cell transformed with a vector according to Claim 10 or 11 . 

14. (Amended) Process for modifying the production of carotenoids in a plant, 
either by increasing the production of carotenoids, or by reducing or inhibiting the production 
of carotenoids by the plant, relative to the normal content of carotenoids produced by the 
plant, said process comprising the transformation of cells of said plants to be transformed 
with a vector according to Claim 10 of-Wt. 



A-1 



PATENT APPLICATION 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Application of 

Pierre CAROL et al. BOX: SEQUENCE 

Application No.: 09/807,867 

Filed: June 15, 2001 Docket No.: 109326 

For: cDNA SEQUENCE TRANSCRIBING AN mRNA ENCODING THE TERMINAL 
OXIDASE ASSOCIATED WITH CAROTENOID BIOSYNTHESIS, AND USES 
THEREOF 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D. C. 20231 

Sir: 

In reply to the Patent Office communication mailed May 21, 2001, please amend the 
above-identified application as follows: 
IN THE SPECIFICATION : 

At the end of the application, please replace the current Sequence Listing with the 
attached paper and computer-readable Sequence Listing. 

Page 14, lines 1 1-27, delete current paragraphs and insert therefor: 

Figure 1 shows the cDNA sequence (SEQ ID NO: 1) and the corresponding amino 
acid sequence (SEQ ID NO: 2) of TOCB. The N-terminal potential transit peptide of the 
chloroplast is underscored. The probable cleavage point is indicated by an asterisk (*). The 
open triangles indicate the position of the introns. 

Figure 2 shows the comparison between the TOCB protein (residues 1 1 1-299 of 
SEQ ID NO: 2) and the AOX protein of soybean (SEQ ID NO: 8). (+) indicates the similar 



Application No. 09/807,867 

amino acids. The amino acids shown in a box form part of the predicted transmembrane 
helix domains. The iron-binding moieties are overscored. 

Figure 3 shows the alignment of the amino acid sequences for tomato (T) 
(SEQ ID NO: 9), capsicum (P) (SEQ ID NO: 10) and Arabidopsis (A) (SEQ ID NO: 2) and 
the consensus sequence. In this consensus sequence, the conserved amino acids are indicated 
in uppercase letters and the relatively conserved amino acids are indicated in lowercase 
letters. 

Page 24, lines 2-7, delete current paragraph and insert therefor: 

Alternatively, an amplification by PCR of the coding region may be carried out. The 
following oligonucleotides will advantageously be used to amplify the sequence of 
Arabidopsis TOCB: 

S'-GCAACGATTTTGCAAGACG-S' (SEQ ID NO: 6) and 

5 -TTAACTTGTAATGGATTTCTTGAG-3 r (SEQ ID NO: 7). 

REMARKS 

Claims 1-19 are pending. The attached Appendix includes marked-up copies of each 
rewritten paragraph (37 C.F.R. §L121(b)(l)(iii)). 

The attached paper copy and computer-readable copy of the Sequence Listing are 
submitted in compliance with 37 C.F.R. §§1.821-1.825. The contents of the paper copy and 
the computer-readable copy of the Sequence Listing are the same. No new matter is added. 
Support for the information provided in the Sequence Listing can be found in the original 
Sequence Listing and at page 24 of the specification and in Figures 1-3. 
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Early and favorable consideration on the merits is respectfully requested. 



JAO:MLM/jca 

Attachments: 

Appendix 

Copy of Notification of Missing Requirements 
Sequence Listing (paper and computer-readable copies) 

Date: July 20, 2001 




Melanie L. Mealy 
Registration No. 40,085 
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Alexandria, Virginia 22320 
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APPENDIX 

Changes to Specification: 

The Sequence Listing is replaced. 

The following are marked-up versions of the amended paragraphs: 
Page 14, lines 11-27: 

Figure 1 shows the cDNA sequence (SEP ID NO: I) and the corresponding amino 
acid sequence (SEP ID NO: 2) of TPCB. The N-terminal potential transit peptide of the 
chloroplast is underscored. The probable cleavage point is indicated by an asterisk (*). The 
open triangles indicate the position of the introns. 

Figure 2 shows the comparison between the TOCB protei n (residues 1 1 1-299 of 
SEP ID NO: 2) and the AOX protein of soybea n (SEP ID NO: 8) . (+) indicates the similar 
amino acids. The amino acids shown in a box form part of the predicted transmembrane 
helix domains. The iron-binding moieties are overscored. 

Figure 3 shows the alignment of the amino acid sequences for tomato (T) 
(SEP ID NO: 9) . capsicum (P) (SEP ID NO: 10) and Arabidopsis (A) (SEP ID NO: 2) and 
the consensus sequence. In this consensus sequence, the conserved amino acids are indicated 
in uppercase letters and the relatively conserved amino acids are indicated in lowercase 
letters. 

Page 24, lines 2-7: 

Alternatively, an amplification by PCR of the coding region may be carried out. The 
following oligonucleotides will advantageously be used to amplify the sequence of 
Arabidopsis TOCB: 

5 '-GC AACGATTTTGC AAGACG-3 1 (SEP ID NP: 6) and 

5 -TT AACTTGT AATGG ATTTCTTG AG-3 ' (SEP ID NO: 7). 
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cdna sequence transcribing an b*rna encoding 
the terminal oxidase associated with casotenoxd 
biosynthesis, and uses thereof 

5 Th6 invention relates to a DNA 

(deoxyribonucleic acid) sequence described by 
SEQ ID NO:l, transcribing an mRNA (messenger 
deoxyribonucleic acid) , itself encoding the TOCB 
(Terminal Oxidase associated with Carotenoid 
10 Biosynthesis) enzyme described by SEQ ID NO;2, and to 
vectors for transforming a cell, plant or fragment of a 
plant, and a process for modifying the production of 
carotenoida in a plant. 

Carotenoide are lipophilic pigments synthesized 
15 in plants, fungi and bacteria. In photosynthetic ~ S~ 
tissues, carotenoids serve as an additional light- 
absorbing pigment and especially provide 
phot ©protect ion against free radicals, such as singlet 
oxygen . 

20 In plants and certain microorganisms, the 

carotenoid biosynthesis route produces carotenes, 
xanthophylls and derivatives thereof- These compounds • 
✓ are synthesized from phytoene which is modified by \ 
successive dehydrogenation reactions to give/ 
25 phytofluene, 2eta-carotene, neurosporene and then . 
lyoopene. Lycopene accumulates in certain cases, fox 
example giving the red pigment of tomatoes, or is more 
generally found in a form modified by cyclization, to 
form alpha- or beta-carotene,. These eyclized 
carotenoids are the precursors of vitamin A, and may 
accumulate or give xanthophylls by oxidation reactions, - 
these xanthophylls being yellow, pink, orange or red 
pigments * 

The successive steps of dehydrogenation of 
35 phytoene are catalysed in most microorganisms by a 
single enzyme known as phytoene desaturase Crtx. in"* 
Plants and cyanobaeteria, two related enzymes exist. : 
The first, known as phytoene desaturase (PDS), 
catalyzes the conversion of phytoene to phytofluene" and i . : 
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then into zeta-carotene. The second, known as zeta- 
carotene desaturase (ZDS) f catalyzes the conversion of 
zeta-carotene into neurosporene and then into lycopene. 
Each of these dehydrogenation reactions requires the 
transfer of two electrons and two protons from the 
substrate to an acceptor.- These dehydrogenation 
reactions thus require enzymes, known as structural 
enzymes, and co-factors, which are intermediates in the 
redox reactions • 

The inventors of the present invention have 
discovered a new gene encoding an enzyme Known as TOCB 
(Terminal Oxidase associated with Carotenoid 
Biosynthesis), which is involved in carotenoid 
biosynthesis. It appears that this enzyme is placed in 
the membranes of chloroplasts and is essential for the 
correct functioning of PDS, 

A first subject according to the invention thus 
relates to a DN& sequence comprising at least one 
coding region consisting of: 

- the nucleotide sequence represented by SEQ ID, 
NOrl transcribing an mSNA, this mRNA encoding the TOCB 
(Terminal Oxidase associated with Carotenoid 
Biosynthesis) enayme described by 5SQ 2D 80:2, 

- the modified nucleotide sequence of the 
sequence SEQ ID NOrl, as described above, particularly 
by mutation and/or addition and/or deletion and/or 
substitution of one or more nucleotide (s ) , this i 
modified sequence transcribing an mRNA which itself/: 
encodes the TOCB described by SEQ ID NO: 2, or encodings 
a modified protein of said TOCB, said modified protein 
having enzymatic activity which is equivalent to that, 
of the TOCB represented by SSO ID ND:2. 

In particular , the invention relates to the 
coding sequences of tomato TOCB, identified by SEQ'lD 
NOr3, and of capsicum TOCB, identified by SEQ ID NO: 4, 
respectively,, and any derived sequence obtained by - 
modifying these sequences. 

The gene encoding TOCB is a duplex DNk,, - : 
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comprising introns and exons* The sequence SEQ ID N0;1 
is the complementary strand (without the introns) or 
cDNA, corresponding to the DNA strand transcribing the 
m£NA encoding TOCB. 
5 The expression ^equivalent enzymatic activity" 

means that, although some of the portions of the enzyme 
may be structurally modified, it is nevertheless 
capable of modifying its substrate. Its activity is 
substantially the same as that of the native enzyme. It 
10 will be understood that this enzyme cannot be modified 
at its active site, Consequently, any modification made 
to the native sequence, by addition, deletion or 
substitution of one or more amino acids, is understood 
as giving rise to an equivalent enzymatic activity 
insofar as the activity of the native protein is not 
affected by these modifications. 

A second subject according to the invention 
relates to a DNA sequence comprising at least one 
coding region consisting of: 
20 - the complementary nucleotide sequence, 

represented by SEQ ID STO:l # this sequence transcribing 
an antisense tuRNA capable of pairing with the raRNA 
transcribed by the complementary sequence of SEQ ID 
NOjI, 

2 5 - the modified nucleotide sequence of the 

sequence described above, by mutation and/or addition 
and/or deletion and/ox- substitution of one or more 
nucleotide (s) r this modified sequence transcribing an 
antisense mRNA capable of pairing with an raRNA 

30 mentioned above, 

- a fragment of one of the nucleotide sequences V 
mentioned above, said fragment transcribing an 
antisense mRNA capable of pairing with the mRNA encoded 
by the complementary sequence of SEQ ID NO:l> 

The term "DMA" may be understood as meaning .? 
complementary dna (or cDNA) , i.e. the copy of the mRMA ■ 
in its DNA form by virtue of the action of a reverse/ 
transcriptase. The cDNA does not comprise the introns""'" 
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of the DNA sequences. 

In the present invention, the expression 
^capable of pairing" means the fact that, under given 
hybridization conditions, the complementary nucleotide 
5 sequences pair up. A person skilled in the art clearly 
knows, depending on the hybridization conditions used, 
what percentage of identity the sequences must have in 
order for a pairing or a hybridization to be able to 
take place. The stringency conditions for obtaining a 
10 pairing of similar sequences are, for example, a 
hybridization in 50% formamide at 35*C. As regards the 
hybridization conditions, reference will be made in 
particular to the article ^Molecular Cloning, a 
laboratory manual, second edition, Sambrook, Fritch & 
15 Maniatis, 1339. Cold Spring Harbor Laboratory Press. 
Cold Spring Harbor, New York/ USA" . 

In the present invention, the expression 
^modified nucleotide sequence" means any nucleotide 
sequence which has a degree of identity with the 
20 reference sequence of less than 100%. 

According to one preferred embodiment according 
to the _ invention, the modified nucleotide sequences 
according to the present invention comprise 
approximately at least 70% and better still at least 
25 80% of nucleotides that are identical to those of .the 
nucleotide sequence represented by BEQ XD NO:l, or of 
its complementary sequence • 

The expression ^nucleotide identity" means the. 
comparison, when the two strands are aligned, ol the 
30 sequence of identical nucleotides present on the two 
strands. Consequently, by reducing to the total number, 
of nucleotides, the percentage of identical 
nucleotides, i.e. the nucleotide identity, is obtained. 

A third subject according to the invention 
35 relates to an mRttA transcribed from the DNA sequence ~ 

according to the definition of the first subject, andJ'-V- "'r'^ 
more particularly transcribed from the DNA sequence 
represented by SEQ ID N0:1, said mRNA encoding the-TOCB- 



enzyme described by SEQ ID WO: 2, or a fragment or a 
modified protein of the enzyme/ and having activity 
which is equivalent to that of said enzyme in the 
plant. 

A fourth subject according to the invention 
relates to an antisense mRNA transcribed from the DMA 
sequence according to the second subject of the 
invention , comprising nucleotides which are 
complementary to all or a portion of the nucleotides 
constituting the native mRNA, and which are capable of 
pairing with said mRMA, 

The expression ^antisense mRNA'" means an RNA 
sequence which is complementary to a base sequence of a 
corresponding mRNA, which is complementary in the sense 
that each base {or the majority of the bases) in the 
antisense sequence (reading in the 3 r to 5' direction) 
is capable of pairing with the corresponding base (G 
with C, A with U3 , in the mRNA sequence reading in the 
5' to 3' direction. 

A fifth subject according to the invention 
relates to a protein with the activity of the TOCB 
enzyme described by SEQ ID NO; 2, or any modified - 
protein of said TOCB enzyme, particularly by addition -; 
and/or deletion and/or substitution of one or more 
amino acids , or any fragment derived from the TOCp 
enzyme or from a modified sequence of the enzyme, said,, 
fragment or modified sequence having enzymatic activity,, 
which is equivalent to that of the TOCB enzyme. 

A sixth subject according to the invention- 
relates to a complex formed between an antisense mRNA 
defined in the fourth subject according to ^the 
invention, and an mRNA encoding a TQCB enzyme in the f 
plant. 

A seventh subject according to the invention is.f 
a recombinant DNA comprising a DNA sequence defined in""** 
the first subject according to the invention, said^ 
sequence being inserted into a heterologous sequence*, 
said sequences transcribing all or a portion of an mRNA 



sequence encoding all or a portion of the TOCB enzyme, 
this enzyme having enzymatic activity which ijs 
equivalent to that of the TOCB enzyme of the plant. 

According to the present invention, the 
expression "heterologous sequence" means any sequence 
which may be cut by enzymes, and which consequently 
serves to insert other sequences with diverse 
activities , 

An eighth subject according to the invention is 
a recombinant DNA comprising a DNA sequence defined in 
the second subject according to the invention, said 
sequence being inserted into a heterologous (Sequence r 
said sequences transcribing all or a portion of an 
antisense mRNA sequence capable of pairing with an mRNA 
encoding a TOCB enzyme in the plant. 

A ninth subject according to the invention is a 
recombinant DNA defined in the seventh or eighth 
subject according to the invention, comprising the 
elements required to control the expression of the, 
inserted sequence, in particular a promoter sequence, 
and a sequence for stopping the transcription of said 
sequences . 

A tenth subject according to the invention, 
relates to a vector for transforming plants, which is' 
adapted to increase carotenoid biosynthesis, comprising"! 
all or, a portion of the nucleotide sequence of SEQ ID 
NO:l as defined in the first subject according to the; 
invention, encoding all or a portion of an enzyme " 
involved in carotenoid synthesis, represented by SEQ ID.. 
NO: 1, preceded by an origin of replication of the 
transcription of the plants, such that the vector can 
generate mRNA in the plant cells. 

An eleventh subject according to the invention - 
relates to a vector for transforming plants, which is * 
adapted to reduce or stop carotenoid biosynthesis, 
comprising all or a portion of the strand of the" 
nucleotide sequence which is complementary to SEQ 10 
N0:1 as defined in the second subject according to the?. 



invention, preceded by an origin of replication of the 
transcription of . the plants, such that the 
complementary strand transcribed can pair with the mRNA 
encoding the plant's TOCB enzyme involved in carotenoid 
synthesis . 

The invention may thus be used to modify 
carotenoid synthesis, for example to increase or 
reduce, or even stop, the production of the colors 
associated with the dehydrogenation of phytoene. For 
example, the inhibition of the red color in fruit such 
as tomatoes, by transformation with a vector comprising 
an antisense sequence, gives a fruit with an attractive 
color close to yellow, for instance that of certain 
capsicums. Yellow tomatoes of this kind already exist, 
but the present invention provides a means for 
transferring the characteristic color into lines> 
without a prolonged reproduction program being 
necessary and as a result possibly giving rise to"- an 
impairment of other characteristics of the plant. 

The increase in carotenoid synthesis by 
transformation with a vector comprising a sense, 
sequence may make it possible to produce tomatoes, of k 
more intense red color, which consumers may find more/, 
appetizing. The invention may also serve to introduce if 
red color into a plant, other than into the fruit. The. 
increase in carotenoid synthesis in a plant may be 
carried out by inserting one or mora functional copies 
of the complementary DNA gene, or the whole gene, under 
the control of a functional promoter into the plant, 
cells- ~ t \ 

The vectors for transforming plants to reduce... 
or stop carotenoid synthesis, i.e. the antisense <> 
vectors, may be very short. In one preferred/ 
embodiment, homologous base sequences having a length 
of at Ifcast 10 bases will be selected. There is : no 
theoretical upper limit to the base sequence; it may be 
as long as the mRNA produced by the plant. However* in : 
one very preferential embodiment, s&quences between 100 - 



and 1 000 bases long will be used. 

It is known that the mutant plants in which the 
TOCB gene is inactive have a variegated appearance? the 
plants are green and white. An application of the 
antisense strategy is proposed, which is directed 
toward eliminating the production of mRNA and thus of 
the TOCB protein, which would be directed toward 
producing plants with variegated foliage such as, for 
example, ornamental plants, for instance Nicotiana or 
Petunia or any other ornamental plant, which lends 
itself to genetic transformation and which could 
receive an antisense construct for the purpose of 
preventing the production of the TOCB protein. 

The DNA recombination products may be 
manufactured using standard techniques- For example, 
the DNA sequence to be transcribed may be obtained by 
treating a vector containing said sequence with 
restriction enzymes to cut out the appropriate segment . 
The transcription DNA sequence may also be generated by 
cyclizing and binding synthetic oligonucleotides or by 
using synthetic oligonucleotides in a PCE. (^polymerase- 
chain reaction*) to generate restriction sites at each 
end. The DNA sequence is then cloned into a vector 
containing a start promoter sequence and a stop 
sequence. If it is desired to obtain an antisense DNA 
sequence, the cloning will be carried out so that the 
DNA sequence cut out is inverted relative to . its 
orientation in the strand from which it was cut out. 

In a recombination product expressing an 
antisense RNA, the strand which was initially the 
matrix strand becomes the coding strand, and vice 
versa. The recombination product will consequently- 
transcribe an mRNA whose base sequence is complementary 
to all or a portion of the sequence of the mRNA for the 
enzyme. Consequently, the two RNA strands are 
complementary not only in their base sequences but also 
in their orientation (5' to 3' ) . 

In a recombination product which expresses a" 
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sense RNA, the matrix and the transcribed strands 
retain the orientation of the initial gen© of the 
plant. The recombination products expressing sense RNA 
transcribe an mRNA having a base sequence which is 
5 totally or partially homologous with the sequence of 
the mRNA. In the recombination products expressing the 
functional enzyme r the whole coding region of the gene 
is linked to transcription control sequences capable of 
being expressed in the plant . 

20 For example, the recombination products 

according to the present invention may be manufactured 
as described below. A suitable vector containing the 
desired base sequence for the transcription, in 
particular such as a MA clone which is complementary 

15 to TOCB, is treated with restriction enzymes to cut the 
sequence- The DNA thus obtained is then cloned, in an 
inverted orientation if so desired/, into a second 
vector containing the desired promoter sequence and the 
desired stop sequence. Among the suitable promoters, : 

20 mentioned may be made of the promoter known as 35s of 
the CaMV virus as an example of a promoter considered 
as being constitutive; the promoter for. "the 
polygalacturonase gene of tomato (see Bird et al^ 
1995, Plant Molecular Biology, 11:651-662} as an 

25 example of a promoter involved in fruit regulation;, or. 
alternatively the promoter of the gene for the small 
subunit of ribulose bis-phosphate carboxylase, as an 
example of a promoter expressed in green tissues. The - 
stop sequences comprise the NOS terminator of the 

30 nopaline synthase gene. 

It may be advantageous to modify the enzymatic, 
activity of the plant during only the growth and/or 
ripening of the fruit* The use of a constitutive 
promoter will tend to modify the level and activity^ of 

35 the enzymes in all the parts of the transformed plant, 
while the Use of a promoter which is specific for a - 
tissue will more selectively control the expression of 
the gene and will modify the activity, for example the. 



coloration of the fruit- Consequently, by implementing 
the invention, for example in capsicums, it will be 
suitable to use a promoter which will allow the 
specific expression during the growth and/or ripening 
of the fruit. Finally, the sense or antisense RNA will, 
in this case, be produced only in the plant organs 
where it is desired for there to be an action* Among 
the specific promoters of the growth and/or ripening" of 
fruit which may be used, mention iaay be made of the 
polygalacturonase stimulating promoter (international 
patent application published under No- WO-A-92/08798) , 
the E8 promoter (Dieckman & Fiscer, 1998, EMBO, 
7:3315-3320) and the fruit-specific 2 All promoter <Pear 
et al„, 1989, Plant Molecular biology, 13:639-651). 

A twelfth subject according to the invention 
relates to a plant cell transformed with a vector 
defined in the tenth or eleventh subject according to 
the invention . 

A person skilled in the art of plant genetic 
engineering is nowadays fully aware of the various 
techniques for obtaining genetically modified plants. 
It is known that the plant wall constitutes a natural 
mechanical barrier that is particularly effective 
against the penetration of any foreign matter into the, 
cell and, in particular, against the penetration of-. 
DNA. The various specific techniques for introducing 
DNA into plant cells are, for example, the use of th? 
bacterium Agzabact&rium tumefaciens, . the 

electroporation of protoplasts, the microinjection^ of 
naked DNA, the use of a biolietic or particle gun,, or 
the transformation of protoplasts. 

In order to be able to select the cells which' - 
have effectively been transformed, a marker gene is - - 
introduced, in addition to the gene encoding the ~ 
desired character* A gene which imparts resistance to-U l 
an antibiotic will preferably be selected. In this- 
case, the cells are selected by culturing on a medium 
containing this antibiotic, only the cells containing^ 



the resistance gene may multiply. The presence of the 
gene of interest may also be confirmed by hybridization 
with DNA complementary to the DNA introduced. 

The recombination product according to the 
S invention is transferred into a target plant cell. The 
target plant cell may be a portion of a whole plant or 
may be an isolated cell or a portion of a tissue which 
may be regenerated inside a whole plant. The target 
plant cell may be chosen from any species of 

10 monocotyledon or dicotyledon plant- Suitable plants 
comprise any fruit-bearing plant, in particular such as 
tomatoes, mangoes,- peaches, apples, pears, 
strawberries, bananas, melons, capsicums, pimentas, 
paprika, plants having foliage, flowers or any other 

15 organ in which it is desired to modify the carotenoid 
content , 

The recombination products according to the 
invention may be used to transform any plant, using any 
technique that is suitable for transforming plants 
20 according to the invention. The cells of monocotyledon 
and dicotyledon plants may be transformed in various 
ways that are known to those skilled in the art. -In 
most cases, the cells 'of these plants, particularly^ 
when they are cells of dicotyledon plants, may be 
25 cultured to generate a whole plant which reproduces 
thereafter to give rise to successive generations of 
genetically modified plants. Any process which is_ 
suitable for transforming plants may be used. For 
example, dicotyledon plants, such as tomato and melon, 
30 may be transformed using the Aqroba cfceri um Ti plaamidl' 
Such transformed plants may reproduce by crossing, or 
by cell or tissue culture. ' 

A thirteenth subject according to the invention 
relates to a plant, or plant fragment, particularly a ~ 
35 fruit, seed, petal or leaf, comprising cells defined 
according to the twelfth subject of the invention . 

The plants or plant fragments that " are 
genetically modified according to the invention with, a-.. 



vector comprising a sense sequence, in particular to 
increase the production of carotenoids, comprise a high 
level of vitamin a precursor relative to the normal 
level produced by the plant. 
5 in addition to their role in the color of the 

plant, carotenoids also have a role of protecting 
plants against damage which may be brought about by 
high-intensity light. As a result, plants containing a 
higher level of these carotenoids by genetic 
LO modification may be of great interest for regions in 
which cultivation is carried out with large changes in 
temperature . 

The genetically modified plants may have 
various colors, depending on whether the carotenoid 
5 synthesis has been increased or reduced. More 
particularly, the TOCB recombi nation products may be 
used to stimulate or inhibit the production of the 
colors associated with the carotenoids produced during 
the desaturation reactions, for example lycopene red,* 
0 or product derivatives such as the yellow/orange color 
associated with beta^carotene . Stimulation of the 
production of beta-carotenes, with an overexpression 
sense recombination product, may make it possible, to' 
produce capsicums of yellow/orang-e color, f or 
alternatively a color determined by a beta-carotene 
derivative such as a more intense red, due to the 
biosynthesis o f capsorubin or capsanthine . *he 
capsicums obtained will be found to be more a,ppetizing- 
by consumers. 

As examples of genetically modified plants - 
according to th« present invention, mention will ~be7\ 
made more particularly of fruit-bearing plants. ^Miih. 
fruit of these plants may thus be made more appealing /; 
to consumers by stimulating or intensifying a specific^, 
color inside. h& other plants which may be genetically 
modified, mention may be made of tubers such as radish,' 
turnip and potato, and also cereals such as corn," 
wheat, barley and rice. -4 



Ihe genetically modified plants according to 
the invention may also contain other recombination 
products, for example recombination products having 
other effects,, in particular on the ripening of fruit, 
5 For example, fruit having a more intense color, 
modified according to the present invention, may also 
contain recombination products, either which inhibit 
the production of certain enzymes such as 
polygalacturonase and pectin esterase, or which 
0 interfere with the production of ethylene. Fruit which 
contain these two types of recombination products may 
be produced/ either by successive transformations, or 
by crossing two varieties which each contain one of the 
recombination products, followed by selecting, from the 
descendents, those which contain the two recombination 
products- 

A fourteenth subject according to the invention 
relates to a process for modifying the production of. 
carotenoids in a plant, either by increasing the 
production of carotenoids, or by reducing or inhibiting 
the production of carotenoids by the plant, relative to 
the normal content of carotenoids produced by the 
plant, said process comprising the transformation of 
cells of said plants to be transformed with a vector, 
defined in the tenth and eleventh subject according" to/, 
the invention. 

A fifteenth subject according to the invention 
relates to a process for producing carotenoids in a 
plant cell, or eukaryotic or prokaryotic cell, . said 
process comprising the transformation of cells of said 
plants, eukaryotic or profcaryotic cells to be ; 
transformed With a vector defined in the tenth subject'.' 
according to the invention. "_ : \i 

The beta-carotenes produced by a eukaryotic or 
prokaryotic organism expressing a recombination product : ; 
encoding the TOCB enzyme, may ba extracted in order to ' 
be used as a colorant, antioxidant or vitamin A 
precursor. 



Finally, the invention also relates to a 
process for selecting compounds of herbicidal nature, 
in which said agent is placed in contact with cells or 
cell membranes, in particular cells of the invention, 
and a reduction in the consumption of oxygen by the 
membranes of said cells, which is associated with the 
inhibition of the terminal oxidase associated with 
carotenoid biosynthesis/ is observed. Suitable 
techniques for making this observation are illustrated 
in particular in Example 6- 

Figure 1 shows the cDNA sequence and the 
corresponding amine acid sequence of TOCB. The 
N-tenninaJL potential transit peptide of the chloroplast 
is underscored- The probable cleavage point is 
indicated by an asterisk (*) - The open triangles 
indicate the position of the introns. 

Figure 2 shows the comparison between the TOCB 
protein and the AOX protein of soybean. {+) indicates 
the similar amino acids. The amino acids shown in a box" 
form part of the predicted transmembrane helix domains . 

The iron-binding moieties are overscored. 

Figure 3 shows the alignment af the amino acid 

sequences for tomato <T) , capsicum (p) and Arabidopsis . 
(A) and the consensus sequence- In this consensus c 

sequence , the conserved amino acids are indicated in. 

uppercase letters and the relatively conserved "am±na< 

acids are indicated in lowercase letters - 

Figure 4 represents the oxygen consumption in 

isolated E. calx cell membranes for control cells 

transformed with a cloning vector of the invention and 

for cells expressing the product of the "IMMUTANS" geni 

{plaatid terminal oxidase) . 

Exans>le 1: Details of the cloning of the locus 
encoding the TOCB protein 

1 - isolation of the mutant 

Mutation was induced by using a transposon 
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introduced into the genome of the plant Arabidopsls 
thaliana cultlvar landabezg-erecta. 

This technique is largely . described in an 
article (Long, D., Martin, M. , Sundberg, s., 

5 Swinburne, J., Puangsomlee P., and Coupland, G. (1993) 
The maize transposable element system Ac/Da as a 
mutagen in Arabidosis: Identification of an albino 
mutation induced by Da insertion. Pro. Natl. Science 
USA, 10, 10370-10374) and has been used by others in 
10 the laboratory of George Coupland at the John Innes 
Centre for Plant Science, Colney, Norwich, NR4 7UH, 
Nordwich [sic], Great Britain. 

The transposition of the dissociator (Ds) 
transposable element used here was triggered by 
15 producing the transposase protein (or transposase of 
the activator element, Ac) . 

Among the descendents of a plant which has 
undergone the transposition of the element Ds, several.? 
plants having the albino mutant appearance, which - 
differs from the wild-type plant by the absence of 
green pigmentation (chlorophyll), wer e identified. 
Plants of wild-type appearance but which transmit the 
mutation to their descendents were also identified!' 
These plants are identified as heterozygoses, bearing 
25 the mutation - on only one chromosome. The homozygous ' 
plants have a mutant phenotype and bear the mutation" on 
the two homologous chromosomes. 
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2 - Test of binding of the mutation to the 
transposabl© element Ds 

This experiment was carried out with the aim of--, 
proving that the mutation observed is caused by the ? 
insertion of the element Ds into a gene which is 
required for correct functioning of the plant and for 
35 its wild-type appearance. 

The transposable element, or transpoeon, Ds, is " 
constructed so as to bear a gene for resistance to the^" 
antxbiotxc hygromycin (described in the preceding" 
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- references^ , The descendents of 35 heterozygous plants 
' which bear the albino mutation were grown on an agar 
medium containing a lethal dose of hygromyein; all the 
plants which bear the mutation are also hygromyein- 

5 resistant. The conclusion is drawn therefrom that the 
mutation is associated with the resistance gene borne 
by the traneposon- 

A portion of DNA from a plant resistant to the 
antibiotic hygromycin, adjacent to the transposon, was 

0 isolated. This w^s carried out according to the JPCR or 
inverse PCR method described in the preceding 
references . 

By means of a ^Southern blot" experiment, it 
was noted that the lines which bear the mutation have 
an alteration in the genomic DNA- This alteration is 
revealed when the portion of isolated DNA adjacent to 
the transposon is used as a w probe". 

3 - Isolation of the gene 

Using a method for screening a genomic DNA 
library, a clone was isolated containing a genomic DNA 
fragment which may contain the - unaltered wild- type 
version of the interrupted gene in the mutant . 

Xhe DNA library screened was constructed- It is 
described in the publication by Whitelarc, 
Johnson, e., Peng, rf„, Carol P., Anderson, M.L«, 
Cowl, j-s. s Harberd, N.P. (1993) Photochrome A null 
mutants of Arabidopsis display a wild-type phenotype in 
white light. The Plant Cell 5, 757-768. 

The total sequence of a restriction fragment 
obtained by enzymatic digestion of the genomic r>NA 
clone with the enzyme EcoR I was determined. The 
sequence obtained covers 3 000 base pairs. Among these - 
3 000 base pairs, a portion identical to the sequence 
of the border fragment isolated beforehand is found, 
confirming the identity between the isolated DNA and 
the gene interrupted with the transposon. 



4 - Isolation and characterization of the 
coding sequence 

A cDNA library was used, which is a commercial 
library sold by Clontech Laboratories,- Inc.. This is a 
5 cDNA library made from mRNAs extracted from Arabidopsls 
thaliana, transformed into cDNAs and then cloned into 
the plasmid vector pGAM.0. 

Using this cDNA data library r and according to 
the usual techniques, using the gene identified above 
10 as a probe , several clones containing a cDNA of about 
1 400 base pairs in size were isolated. 

The total sequence of the cDNA was determined 
and showed that this cDNA is entirely within the 
genomic DNA fragment identified previously. The coding 
15 portion (or exons) and the noncoding portion (introns) 
of the gene were placed on the sequence of the gene--. 
The gene bears 9 axons and 8 introns . The insertion of 1 
the transposon Ds was identified at the start of the 
second exon and thus interrupts the coding portion of 
20 the gene* 

The cDNA sequence has a potential start codon 
followed by an open reading frame of 350 amino acids, 
encoding a potential protein of 3S kDa known as TOCBV A 
- — *~r*«v~V " w^^Ci jdUioj. " "<=uju ro-L-B-ufifcx: a new 

generation of protein database search programs Nuclei cs 
Acids Res- 25, 3389-3402] revealed a low but 
significant homology with polypeptides belonging to the 
family of mitochondrial alternative oxidase or terminal 
3D oxidase {AOX) proteins. No other significant homology 
was found. The homology starts at amino acid 111 and 
shows 29% identity (45% similarity) with soybean 
Oxidase. Despite the low identity with the AOX protiin^v 
a computer search for secondary structures "aiid^ 
5 potential domains of biological significance revealed 
structural similarity between the protein TOCB and AOX. 
Transmembrane helix domains found in AOX are located in" 
similar positions on the peptide sequence of TOCB, 



suggesting a membrane location of TOCB and also a 
configuration similar to that of AOX in the membrane. 
Furthermore, an iron-binding moiety is conserved 
between TOCB and AOX. The alignment of the sequences 
5 between the proteins TOCB and AOX shows an insertion of 
19 amino acids into the TOCB protein which corresponds 
to a portion of the exons 7 and 8* 

The N-texminal sequence of the TOCB protein has 
the characteristics of a chloroplast transit peptide, 
10 which is rich in leucine, arginine and 
serine/ threonine* A computer analysis of the transit 
peptide potential (psort software, Nakai and Kanehisa, 
1592) suggested a possible target for TOCB in the 
thylajcoid compartments of the chloroplast. 

15 

5 - Identification of the mutation 
The appearance of the mutant is similar to that 
of a nrutant already described in the literature; the I 
v immutans* mutant, Wetzel CM., Jiang C-Z*, 

Meehan Voytas D.L., Rodermel S.R, (1994) Nuclear- 

organelle interactions: the immutans variegation mutant 
of Arabidopsis is plastid autonomous and impaired in 
carotenoid biosynthesis, Plant Journal 6, 161-175* 

The ^immutans" mutant (spotty allele, cf. 
preceding reference) was crossed with that which Jias 
isolated according to the invention. The descendents of 
the crossing is of mutant appearance, which " is an / 
expected result if the two mutations affect the same 
gene. It may thus be asserted that the gene identified 
corresponds to the wild-type version of the TMMUtans 
locus and that the mutant obtained bears an interrupted 
version of the gene, the product of which is thus 
inactive. 

The first subject of the present invention thus, 
differs from the above mutant In that it encodes a .: 
protein whose enzymatic activity is identical or* :; 
equivalent to that of TOCB, while the product encoded 1 
by * immutans" has no activity. 
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Example 2: Construction of a vector of the 
invention by introduction of CDNA encoding capsicum 
*FOCB into a plant expression vector 

5 The vector pBI121 (sold by Clontech 

Laboratories, Inc.) is a vector that is suitable for 
this construction. 

It comprises a. T-DNA region which the bacterium 
Agrobacterl urn tvm&F&ci&ns can transfer into the plant 
10 genome. 

This T-DNA region con^rises, inter alia, a 
constitutive promoter (the promoter known as 35S from 
CaMV virus), the GUS gene followed by the NOS 
terminator (of the nopaline synthase gene) . As the GUS 
15 gene is of no interest in the invention, it is replaced 
with a cDNA encoding TOCB. This cDNA will thus be 
placed under the control of the 35S promoter and the 
NOS terminator. 

Any Other constitutive or nonconstitutive 
20 promoter (in the latter case, it will need to be 
specific for the organ whose properties it is desired 
to modify) and any other terminator may also be used. 

A cDNA encoding TOCB was initially subcloned^ 
into the NotI restriction site of the bacterial plasmid 
25 pBluescriptKS: it was thus flanked by a 5', .BamHX 
cleavage site and a 3' Sad cleavage site. 

This cDNA is excized from the plasroid 
pBluescriptKS with the restriction enzymes BamHI and 
Saci* This BamHI-Sacl fragment is inserted into the 
30 vector pBIl2l which is Itself cleaved with tnese" 
enzymes: the BamHI site is at the 3' end of the 35S r 
promoter and at the 5' end of the GUS gene, and thm*** 
Sad site is at the 3' end of the GUS gene and at the. 
5' end of the NOS terminator. 
35 After ligation, the derivatives of the vector, 

PBI121 in which the cdna encoding TOCB (that is to say 
without intaron) has replaced the GUS gene, are 
selected. 
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Example 3: Transformation of a plant; oell to 
obtain a transformed cell of the invention 

5 The plant transformation vector derived from 

PBI121 obtained in Example 2 is introduced into the 
strain of Agrobacterium LBA4404 by electroporation. The 
recombinant strain is selected in the presence of 
SO ug/ral of kanamycin. 
10 This transformed strain of Agrobacterium is 

used for the transformation of plant cells, for example 
tobacco cells* 

The technique used to do tnis, which may be 
replaced by any other transformation technique, is that 
15 of infecting foliar disks of tobacco plantlets 
cultivated in vitro. The transformed plant cells are 
selected in the presence of kanamycin. Agrobacterium is 
eliminated by the antibiotic cefotaxime, The foliar 
disks are cultivated on plant culture medium in the 
20 presence of plant hormone© {auxin and cytokinins) which 
promote the growth of c&ls- The cals derived from the 
growth of the transformed cells are used for the 
regeneration of whole plants by the conventional 
techniques- For example, the cals are transferred onto, 
25 plant culture medium in the presence of cytokinin to - 
induce the formation of shoots * These shoots are then 
cut up and transferred onto hormone- free plant culture i- 
medium in order to regenerate roots. The antibiotics 
kanamycin (to select for the growth of transformed 
3Q tissues) and cefotaxime (to completely eliminate 
Agrobacterium) are maintained throughout these . 
culturing phases. 

The transformed plants are placed in sterile 
culture in the presence of kanamycin and cefotaxime. ;'and 
35 are then transferred to soil and cultivated in. a .A 
greenhouse until the seeds are harvested* The presence^ 
of the transgene was confirmed by hybridization of the. 
genomic Dm. of these plants with a specific probe 
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derived from the transformation vector used. 

Example 4; Cloning and characterization of o£>KA 
o£ capsicum and tomato fruit: corresponding- to the 
5 terminal oxidase associated with caxotenoid 
biosynthesis (TOCB) enzyme 

The "immutans" cDtf& portion of Arabidopsis 
encoding the mature TOCB peptide was used as a probe to 
10 search for a cDNA library for green pepper or red 
pepper under nonstringent conditions. All the positive 
clones which were analyzed appeared to be derived from 
the same gene, as suggested by the identical sequences 
observed in the nontranslated 3' region. The Dt?A 
15 sequence of the whole clone is presented in the 
sequence listing under the identifier SEQ ID NO: 3. The 
deduced amino acid sequence is presented in the. 
sequence listing under the identifier SEQ ID NO: 4. The \, 
capsicum cDNA was then used to isolate the 
20 corresponding cDNA from a red tomato cDNA library 
(SEQ ID t$Qz $) . 

Figure 3 shows the comparison between the 
abovementioned deduced amino acid sequence and the 
sequences of capsicum and Arabidopsis TOCB. 
25 The transit peptides used for targeting in the 

plastids revealed a sequence similarity, with theV. 
exception of the W-terminal region and of the region -V 
close to the assumed cleavage site (ATR/Q-AT) „ However, ~ 
the mature TOCB polypeptides share a strong sequence 
30 similarity , which means that they have the same^ 
properties • 

An alignment of the TOCB sequences also ; 
revealed the presence of two conserved potential 
transmembrane domains, separated by a highly conserved 
35 hydrophilic segment. The N-tenainal domain is 
essentially hydrophilic and contains a long weakly* 
conserved amino acid segment. The C- terminal domain is 
also mainly hydrophilic and contains a conserved moiety = 
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(EAEH) which matches a ptitative iron-binding site 
(ExxH) , In addition, the region contains 6 cysteine 

residues that arc conserved in TOCB, while the rest of 

the polypeptide lacks cysteine residues - 
5 Some of these cysteine residues may be involved 

in the covalent dimerization of the protein. 

Example 5: Expression of the TOCB genes during 
ripening of the fruit in capsicums and tomatoes: 

10 

In order to define the mechanism of expression 
of the TOCB genes, the total RNA was extracted from 
fruit at different stages of ripening. The expression 
mechanism was determined by reverse transcription of 
15 the total KNA, followed by a polymerase chain reaction,: 

The TOCB gene is escp reused during the growth 
and ripening of the capsicum fruit. Xn addition, it has 
an expression mechanism which is similar to that of 
20 genes encoding carotenoid desaturases, that is to say 
phytoene desaturase and zeta-carotene desaturase. An 
increase in the level- of transcription is observed 
between the unripe green stage and the ripe green stage 
(fruit of an admit size) , followed by another increase : ^ 
25 between the ripe green stage and the degradation stage 
(early visible signs of a color change) . The level of" 
transcription then remains fairly"'" constant (with a 
slight decrease during the reddening step) * 

The TOCB gene is also expressed during the 
30 growth and ripening of fruit in tomatoes. In tomatoes-, 
there is also an expression mechanism which is similar 
to that of the genes tstnaadlnq carotenoid desaturases X 
(phytoene desaturase and zeta-carotene desaturase) . Arr 3 
increase in the level of transcription is observed 
35 between the unripe green stage and the ripe green stage 
(adult-sized fruit) , followed by another, greater 
increase between the ripe green stage and the-; 
degradation stage. 



When the imprint of the protein of the capsicum 
and tomato fruit was desired, using antibodies directed 
against TOCB, this polypeptide was found at various 
stages of development of the fruit. These test© 
5 demonstrated an increase in the level of the TOCB 
protein, from the ripe green stage to the degradation 
stage. This level of protein remained high throughout 
the ripening of the fruit. 

These results demonstrate that the TOCB genes 
0 are expressed and that the TOCB protein is present in 
the fruit- In a manner similar to that of the 
structural enzymes involved in the desaturation of 
carotenoids, the TOCB gene is induced and the proteins 
are accumulated during the ripening when the car ctenoid 
biosynthesis is increased. 

The results presented in the description reveal 
that TOCB is an element of the carotenoid biosynthesis 
system. 

it may be envisaged to use the TOCB protein to . 
modify c&rotenoid biosynthesis, in particular in plant 
tissues or cells or in bacteria which have an 
inefficient or poorly efficient carotenoid biosynthesis 
system, tocb may be produced at the same time as the 
structural enzymes of carotenoid biosynthesis to 
increase the efficacy of the production of carotenoids* 

Example 6; Catalytic properties of TOCB 
analyzed after its expression in E. coll 

A synthetic product consisting of the region 
encoding the mature TOCB polypeptide from JLrabi&opsis . 
was inserted into a prokaryotic expression vector (such < 
as pQE31 f sold by QIAGEN, it being understood that any 
other vector would give identical results) . 

Tbe coding region intended to be inserted into 
the esspression vector may be obtained by cleavage using 
restriction enzymes which act close to the codons 
corresponding to the site of cleavage of the transit \ 



peptide . 

Alternatively, an amplification by PCR of the 
coding region may be carried out, The following 
oligonucleotides will advantageously be used to amplify 
5 the sequence of Arabidopsis TOCB: 

5 * -GCAACGATTTTGCAAG ACG- 3 ' and 

5' - TTAAC T TGTAATGGATTT CT TGAG~ 3 r 

Other assembly products comprising the region 
encoding TOCB in other species (such as capsicum or 
10 tomato) may also be used. 

These plasmids may be introduced into E. coll 
cells according to conventional techniques, in order to 
obtain the recombinant protein in E. coli, the cells 
are cultured under the following conditions: 10 ml of 
L5 an overnight preculture in a rich medium are deposited 
in 300 ml of MS medium <Na 2 HSOd 34 mM, KH 2 F0 4 22 mM, 
NH*C1 18 mM, NaCl 8-5 mM, MgS0 4 1 mM, CaCl 2 0.1 mM, 
thiamine 1 mM) containing 0.2% of glycerol and the 
supply of antibiotic required to stop the growth of the 
10 cells which have lost the plasmid. The growth of the 
bacteria is continued at 37 fl C with vigorous agitation 
up to the half -exponential growth phase, preferably 
until an optical density of 0,3 at 600 nm is read. 

After inducing this chimeric gene with the 
5 inducer IPTG and adding 1 mg/1 of FaS0 4 , the culture is 
maintained at 25 °C with vigorous agitation for 3 hours. 
The cells are then harvested by centrifugation at 4°c, 
washed with 10 mM MgCl 2f 0.75M sucrose, 20 mM trisHEJCl, 
at pfi 7.5, and centtifuged again. The cells are then * 
0 suspended in 0.75M sucrose, 20 mM Tris-HCl, at pE 7.5/ 
and lysed by addition of lysozyme (0,2 mg/ml) and EDTA" 
(25 mM) at 30°C for 30 minutes, and then sub j ected to 
an osmotic shock by addition of two volumes of water," 
after which they are treated with ultrasound at G°C. A 
> standard centrifugation in a centrifuge at slow speed 
make© it possible to remove the nonlysed cells and the 
debris- A high-speed centrifugation (for example in a i 
Becfcman 50 Ti rotor at 40 000 rpm) at 4°C produces V * 



membrane which is suspended in 0-75M sucrose, 20 mM 
Tris-HCl, at pH 7.5, and maintained at 4°C. 

To test the enzymatic activity of the TOCB, the 
consumption of oxygen by the resulting membranes is 
measured using a standard oxygen electrode and is 
expressed in nmol of O2 consumed per minute and 
per gram of protein. 

As shown in Figure 4, the addition of NAPH 
induces the consumption of oxygen both in the control 
membrane (transformed with the cloning vector) and in 
the membrane containing the TOCB. This oxygen 
consumption increases when 0.2 mM plastoquinone is 
added. The addition of- KCN greatly inhibits the oxygen 
consumption in the control membranes. In the membranes 
containing TOCB, a high cyanide-resistant oxygen 
consumption is observed. This reflects the 
plastoquinol : oxygen oasidoreductase activity of the 
TOCB, which activity may be inhibited by adding 0,5 mM 
n-propyl gallate (nPG) - The addition of nPG (0.5 mM) to 
the control membrane before KCN does not produce an 
effect/ indicating that the compound does not interfere 
with the normal flow of electrons in the £. coll 
membranes (Figure 4) - 

This test may be used to study the inhibitory 
power of a compound on TOCB activity- Thus, an 
inhibitor may be controlled when it. has no effect on 
the endogenous respiratory chain of E. colx r in 
particular on the complex I of the chain which oxidizes 
NADH. Nevertheless, if such is the case, NM>H may be 
replaced with succinate as an electron donor without 
passing via the complex I* Any inhibitor of TOCB 
activity may be tested on suitable plants, by watering 
the soil f adding a culture medium and applying directly, 
to the leaves, with respect to the inhibition of . 
carotenoid biosynthesis, resulting in bleaching, and , 
may thus find an application as a herbicide. 

The test described may be modified to ca-rry out 
a large-scale screening of inhibitors of TOCB activity, 
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and their application as herbicides, in this case, 
measurement of the oxygen consumption using an oxygen 
electrode will preferably be replaced with another 
method of measurement. 
5 The oxidase activity of TOCB may be determined 

by measuring the consumption of HADH during the 
reaction, for example by spectrophotometry, by 
measuring the absorbance at 340 nm. The consumption gf 
NADH and the pxoduction of NAD during the test should 
10 result in a decrease in the absorbance at 340 nm. 
Alternatively, any specific coloration of NAD or of 
NADU may be used to monitor changes in NAD or NADH 
during the test- 

if succinate is used as an electron donor in 
15 the test, the respiratory activity of the bacterial 
membranes will result in the oxidation of the succinate 
to fumarate. In this case, the activity of the TOCB may 
be monitored in the presence of KCN, by measuring the 
concentrations of succinate and fumarate which change. 
20 during the test- 

According to another possibility, an artificial 
electron donor - may be used. An example of this is 
phenazine metasulfate (PMS) „ it may be oxidized by the 
succinate dehydrogenase of the bacterial membranes/ it 
25 is colorless in the reduced form and yellow in the 
oxidized form* 

Samples of bacterial membrane containing TOCB.: 
oxidize PMS in the presence of KCN. An inhibitor of.^ 
TOCB activity will prevent the appearance of the yellpw- 
30 color due to the oxidation of the PMS. This teat r which 
is simple to perform, may be carried out in multi-well, 
plates, allowing a bulk screening of molecules capable 
of inhibiting the activity of TOCB to be performed. 
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CLAIMS 

1. DNA sequence comprising at least one coding 

region consisting of; 

- the nucleotide sequence represented by SEQ ID' 
5 NO si transcribing an mRNA, this mKNA encoding the TOCB 

(Terminal Oxidase associated with Carotenoid 
Biosynthesis) enzyme described by SEQ ID NO:2, 

- the modified nucleotide sequence of the 
sequence SEQ ID NO:l, as described above, particularly 

10 by mutation and/or 'addition and/or deletion and/or 
substitution of one ox more nucleotide (s) , this 
modified sequence transcribing an mRNA which itself 
encodes the TOCB described by SEQ ID KO:2, or encoding 
a modified protein of said TOCB, said modified protein 
15 having onsymatic activity which is equivalent to that 
of the TOCB represented by SEQ id NO:2. 

2. DNA sequence comprising at least one coding- 

region consisting of: 

- the complementary nucleotide sequence " 
represented by SEQ rD N0:1, this sequence transcribing 
an antisense mRNA capable of hybridizing with the mRNA 
encoded by the sequence SEQ ID NO:l, ^ 

- the modified nucleotide sequence of the 
sequence described above, by mutation and/or addition 

25 and/or deletion and/or substitution of one or more,, 
nucleotide (s) , this modified sequence transcribing an/ 
antisense mRNA capable of hybridizing with an mRNA/ 
mentioned above, 

- a fragment of one of the nucleotide sequences. 
30 mentioned above, said fragment transcribing* an" 

antisense mRNA capable of pairing with the mRNA encode^ 
by the complementary sequence of SEQ ID N0:1. 
3- mRNA transcribed from the DNA sequence 

according to Claim 1, and more particularly transcribed 
35 from the complementary DMA sequence represented by T 
seq id no:!, said mRNA encoding the TOCB enzyme — 
described by SEQ ID NO:2, or a fragment or a modifieci^ / 
protein of the enzyme, and having activity which is = 



20 



equivalent to that of said enzyme in the plant. 
4. Antisense mRKfA transcribed from the 

complementary DNA sequence according to Claim 2, 
comprising nucleotides which are complementary to all 
5 or a portion of the nucleotides constituting the native 
mRNA, and which are capable of hybridizing with said 
mRNA. 

5- Protein with the activity of the native TOCB 

enzyme described by Seq id K0:2, or any modified 

10 protein of said TOCB enzyme, particularly by addition 
and/or deletion and/or substitution of one or mors 
amino acids, or any fragment derived from the TOCB 
enzyme or from a modified sequence of the enzyme, said 
modified protein or fragment having enzymatic activity 

15 itfhich is equivalent to that of the TOCB enzyme. 

6. Complex formed between an antisense mRNA 
according to Claim 4 and an mRNA encoding a TOCB enzyme 
in the plant* 

7. Recombinant DNA, characterised in that it 
20 comprises a 0NA sequence according to Claim l, said 

sequence being inserted into a heterologous sequence, 
said sequences transcribing all or a portion of an mRNA 
sequence encoding all or a portion of the TOCB enzyme, 
said enzyme having enzymatic activity equivalent to 

25 that of the TOCB enzyme of the plant. 

B- Recombinant DNA, Characterized in that it 

comprises all or a portion of $ Dig& sequence according ^ 
to Claim 2, said sequence being inserted into a : 
heterologous sequence, said sequences transcribing all 

30 or a portion of an antisense mRNA sequence capable of 
pairing with an mRNA encoding a TOCB enzyme in the 
plant. 

5- Recombinant DNA according to Claim 7 or 8, 

characterized in that it comprises the elements 
35 required to control the expression of the inserted- 
nucleotide sequence, particularly a promoter sequence 
and a transcription termination sequence. 
10. Vector for transforming plants, which - ±s 



adapted to increase carotenoid biosynthesis, comprising 
all or a portion of the nucleotide sequence SEQ ID NO:l 
according to Claim 1, encoding all . ox a portion of an 
enzyme involved in carotenoid synthesis, represented by 
S SEQ ID NO: 2, preceded by an origin of replication of 
the transcription of the plants, such that the vector 
can generate jnRNA in the plant cells. 

11. Vector for transforming plants, which is 
adapted to reduce or stop carotenoid biosynthesis, 

0 comprising all or a portion of the strand of the 
nucleotide sequence which is complementary to SEQ ID 
WQ;1 according to Claim 2, preceded by an origin of 
replication of the transcription of the plants, such 
that the complementary strand transcribed can pair with 
the m£NA encoding the plant's £OCB enzyme involved in 
carotenoid synthesis* 

12. Plant cell transformed with a vector according 
to Claim 10 or 11. v 
13 4 Plant, or plant fragment, particularly a fruit, 
seed, petal or leaf, comprising cells according to 
Claim 12, 

14. Process for modifying the production of 
carctenoids in a plant, either by increasing the^ 
production of carotenoids, or by reducing or inhibiting 
the production of carotenoids by the plant, relative to. 
the normal content of carotenoids produced by the 
plant, said process comprising the transformation of 
cells of said plants to be transformed with a vector > 
according to Claim 10 or 11. 

15. Process for producing carotenoids in a plant 
cell, or eukaryotic or prokaryotic cell, said process- 
comprising the transformation of cells of said plants, 
eukaryotic or prokaryotic cells to be transformed with 
a vector according to Claim 10. -]r: : 
IS, Process for selecting compounds of herbicidalv s 
nature, in which said agent is placed in contact with 
ceils or cell membranes , of Claim 12, and a reduction 
in the consumption of oxygen by the membranes of said 
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FIG1 

1 

CCG CTC ACA TTG GGA TTC GTC ATT CTT CTT CTA AAA CCC GCA AAA TTT CTC CAT TTC TAC 
61 

CAA AAA TAT CCA ACT TTT ACT TTT CTT TCC TGT GAA ATT ATC TGC TCA AAT CTT TGG TTC 
121 

CTG ACG GAG ATG GCG GCG ATT TCA GGC ATC TCC TCT GGT ACG TIX3 ACG ATT TCA CGG CCT 

m a a t s n t s s G X L X I S E E 

181 

TTG GTT ACT CTT CGA CGC TCT AGA GCC GCC GTT TCG TAC AGC TCC TCT CAC CGA TTG CTT 

T, V T T. R R S R A A V S Y S £ S H B L L 

241 V7 

CAT CAT CTT CCT CTC TCT TCT CGT CGT CTG CTA TTA AGG AAC AAT CAT CGA GTC CAA GCA 

HHT. PLSSRRL Li h B U U H E JZ 0 . * A ... 

301 

ACG ATT TTG CAA GAC GAT GAA GAG AAA GTG GTG GTG GAG GAA TCG TTT AAA GCC GAG ACT 
TILQDDEEKV-VVEESFKAET 

361 

TCT ACT- GGT ACA GAA CCA CTT GAG GAG CCA AAT ATG AGT TCT TCT TCA ACT AGT GCT TTT 
STGTEPLEEPNMS SSSTSAF 
421 \7 

GAG ACA TGG ATC ATC AAG CTT GAG CAA GGA GTG AAT GTT TTC CTT AC A^ GAC TCG GTT ATT 
E T W I IKLEQGVNVFLTDSVI 
481 

AAG ATA CTT GAC ACT TTG TAT CGT GAC CGA AGA TAT GCA AGG TTC TTT GTT CTT GAG ACA 
KILDTLVRDRTYARFFVLET 

541 V7 

ATT GCT AGA GTG CCT TAT TTT GCG TTT ATG TCT GTG CTA CAT ATG TAT GAG ACC TTT GGT 
IARVPYFAFMSVLHMYETFG 

601 

TGG TGG AGG AGA GCA GAT TAT TTG AAA GTA CAC TTT GCT GAG AGC TGG AAT GAA ATG CAT 
W W R RADYLKVH FAESWNEMH 
661 V7 

CAC TTG CTC ATA ATG GAA GAA TTG GGT GGA AAT TCT TGG TGG TTT GAT CGT TTT CTG GCT 
HLL IMEELGGNSWWFDRFLA 

721 

CAG CAC ATA GCA ACC TTC TAC TAC TTC ATG ACA GTG TTC TTG TAT ATC TTA AGC CCT AGA 
QHIATFYYFMTVFLYILSPR 

781 \7 

ATG GCA TAT CAC TTT TCG GAA TGT GTG GAG AGT CAT GCA TAT GAG ACT TAT GAT AAA TTT 
MAYHFSECVESHAYETYDKF 

841 V7 

CTC AAG GCC AGT GGA GAG GAG TTG AAG AAT ATG CCT GCA CCG GAT ATC GCA GTA AAA TAC 
LKASGEELKNMPAPDIAVKY 

901 V7 

TAT ACG GGA GGT GAC TTG TAC TTA TTT GAT GAG TTC CAA ACA TCA AGA ACT CCC AAT ACT 
YTGGDLY L FDEFQT S RTPNT 
961 V7 

CGA AGA CCA GTA ATA GAA AAT CTA TAC GAT GTG TTT GTG AAC ATA AGA GAT GAT GAA GCA 
rrPVIENLYDVFVNIRDDEA 

1021 

GAA CAC TGC AAG ACA ATG AGA GCT TGT CAG ACT CTA GGC AGT CTG CGT TCT CCA CAC TCC 
EHCKTMRACQTLGSLRS PHS 

1081 

ATT TTA GAT GAT GAT GAT ACT GAA GAA GAA TCA GGG TGT GTT GTT CCT GAG GAG GCT CAT 
ILDDDDTEEESGCVVPEEAH 

1141 - 

TGC GAA GGT ATT GTA GAC TGC CTC AAG AAA TCC ATT ACA AGT TAA TAA ATT AGA AAG TAA 

CEGIVDCLKKS ITS 

1201 

ACT AAA AAA GAT TAT TTG TAT CAG CTC ATG AAC AAT AGA TAT AAT CCC ATA TAC TTG GGA 
1261 

ATA AAG GAA TAA TGT GAA ATT CCC ATC GTT GTG CTA GTG TGT GAG AGA ATC AAA TAC CCT 
1321 

AAT GAT GTA AAT GTA CTT TGA TGA GCT TAA GTC GTT GTA GAC CAT TTT ATC AAA AAA AAA 
1381 

AAA AAA AAA AAA AAA A 
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FIG! 3 

T 1 MAISISAMSFGTSVSSYSCPRARSFEKSSVLCNSQNPCRFNSVFP. IRKSDGASRCSVSR 

P 1 MAISISAMSFRTSVSS SY . . SAFLCNSKNPFCLNSLFS . LRNSHRTFQPSLSR 

A 1 MA.AISGISSGTLTIS RPLVTLRRSRAAVSYSSSHRLLHHLPLSSRRLLLR 

consensus 

1 MA ISamS TS LS Sir 1R 



T 60 KSCRVRATLLQENEEEVWEKSFAFKSFFDNVGGGSNGKPPDDSSS . NGLEKWVIKLEQS 
P 51 KSSRVRATLLKENEEEVVVEKSFAPKSFPGNVGGGNNGEPPDNSSS * NGLEKWVIXIEQS 
A 51 NNHRVQATILQDDEEKVWEESFKAE, . . TSTGTEPLEEPNMSSSSTSAFETWIIKLEQG 
consensus 

61 RV AT1L e EE VWE SF G P SSS g E WvIKiEQ 

T 119 VNILLTDSVIKILDTLYHNRNYARFFVLETIARVPYFAFISVLHMYESFGWWRRADYMKV 
P 110 VNIFLTDSVIKILDTLYHDRHYARFFVLETIARVPYFAFISVLHLYESFGWWRRADYLKV 
A 108 VNVFLTDSVIKILDTLYRDRTYARFFVLETIARVPYFAFMSVLHMYETFGWWRRADYLKV 
consensus r 

121 VNi LTDSVIKILDTLYh R YARFFVLETIARVPYFAFiSVLHIYEsFGWWRRADYlKV 

T 179 HFAESWNEMHRLLIMEELGGNAWWFDRFLAQHIAIFYYFMTVLMYALSPRMAYHFSECVE 
P 170 HFAESWNEMHHLLIMEELGGNAWWFDRFLAQHI AVF YYFMTVSMYALSPRMAYHFSECVE 
A 168 HFAESWNEMHHLLIMEELGGNSWWFDRFLAQHIATFYYFMTVFI*YILSPRMAYHFSECVE 
Consensus 

181 HFAESWNEMHHLLIMEELGGN WWFDRFLAQHIA FYYFMTV mY LSPRMAYHFSECVE 

T 239 SHAyETYDKFIKDQGEELKNLPAPKIAVDYYTGGDLYLFDEFQTSREPNTRRPKIDNLYD 
P 230 HHAYETYDKFIKDQEAELKKLPAPKIAVSYYTGGDLYLFDEFQTSREPNTRRPKIDNLYD 
A 227 SH AYE T YD KFLKAS GEE LKNMP APD I AVK Y Y TG GD L YL FD E FQTSRTPNTRRP V IENI* YD 
Consensus 

241 HAYETYDKFiK ELK 1PAP IAV YYTGGDLYLFDEFQTSR PNTRRP IdNLYD 

T 299 VFMNIRDDEAEHCKTMKACQTHGSLRSPHTD . PCDDSEDDTGCSVP • QADCIGXVDCIKK 
P 290 VFMNIRDDEAEHCKTMKACQTHGSLRSPHTN . PCDESEDDPGCSVP . QADCVGIVDCITK 
A 287 VFVNIRDDEAEHCKTMRACQTLGSLRSPHSILDDDDTEEESGCWPEEAHCEGIVDCLKK 
Consensus 

301 VFmNIRDDEAEHCKTMkACQT GSLRSPHt DdsEdd GC VP AC GIVDCi K 
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T 357 SVTDTQVTKR 
P 348 SVADPNVGRR 

A 347 SITS 

Consensus 
361 Sv 
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<110> UNIVERSITE JOSEPH FOURIER 

<120> Sequence d'ADNc transcrivant un ARNm codant pour 
1' oxydase terminale associ^e a la biosynth^se des 
carotenoides et utilisations 

<130> OTBC 

<140> 
<141> 

<150> FR9813283 
<151> 1998-10-20 

<160> 5 

<170> Patentln Ver. 2.1 

<210> 1 ' 
<211> 1396 

<212> ADN * 
<213> Arabidopsis thaliana 

<400> 1 

ccgctcacat tgggattcgt cattcttctt ctaaaacccg caaaatttct ccatttctac 60 
caaaaatatc caacttttac ttttctttcc tgtgaaatta tctgctcaaa tctttggttc 120 
ctgacggaga tggcggcgat ttcaggcatc tcctctggta cgttgacgat ttcacggcct 180 
ttggttactc ttcgacgctc tagagccgcc gtttcgtaca gctcctctca ccgattgctt 240 
catcatcttc ctctctcttc tcgtcgtctg ctattaagga acaatcatcg agtccaagca 300 
acgattttgc aagacgatga agagaaagtg gtggtggagg aatcgtttaa agccgagact 360 
tctactggta cagaaccact tgaggagcca aatatgagtt cttcttcaac tagtgctttt 420 
gagacatgga tcatcaagct tgagcaagga gtgaatgttt tccttacaga ctcggttatt 480 
aagatacttg acactttgta tcgtgaccga acatatgcaa ggttctttgt tcttgagaca 540 
attgctagag tgccttattt tgcgtttatg tctgtgctac atatgtatga gacctttggt 600 
tggtggagga gagcagatta tttgaaagta cactttgctg agagctggaa tgaaatgcat 660 
cacttgctca taatggaaga attgggtgga aattcttggt ggtttgatcg ttttctggct 720 
cagcacatag caaccttcta ctacttcatg acagtgttct tgtatatctt aagccctaga 780 
atggcatatc acttttcgga atgtgtggag agtcatgcat atgagactta tgataaattt 840 
ctcaaggcca gtggagagga gttgaagaat atgcctgcac cggatatcgc agtaaaatac 900 
tatacgggag gtgacttgta cttatttgat gagttccaaa catcaagaac tcccaatact 960 
cgaagaccag taatagaaaa tctatacgat gtgtttgtga acataagaga tgatgaagca 1020 
gaacactgca agacaatgag agcttgtcag actctaggca gtctgcgttc tccacactcc 1080 
attttagatg atgatgatac tgaagaagaa tcagggtgtg ttgttcctga ggaggctcat 1140 
tgcgaaggta ttgtagactg cctcaagaaa tccattacaa gttaataaat tagaaagtaa 1200 
actaaaaaag attatttgta tcagctcatg aacaatagat ataatcccat atacttggga 1260 
ataaaggaat aatgtgaaat tcccatcgtt gtgctagtgt gtgagagaat caaataccct 1320 
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aatgatgtaa atgtactttg atgagcttaa gtcgttgtag accattttat caaaaaaaaa 1380 
aaaaaaaaaa aaaaaa 1396 



<210> 2 
<211> 351 
<212> PRT 

<213> Arabidopsis thaliana 
<400> 2 

Met Ala Ala lie Ser Gly He Ser Ser Gly Thr Leu Thr He Ser Arg 
15 10 15 

Pro Leu Val Thr Leu Arg Arg Ser Arg Ala Ala Val Ser Tyr Ser Ser 
20 25 30 

Ser His Arg Leu Leu His His Leu Pro Leu Ser Ser Arg Arg Leu Leu 
35 40 45 

Leu Arg Asn Asn His Arg Val Gin Ala Thr He Leu Gin Asp Asp Glu 
50 55 ' 60 

Glu Lys Val Val Val Glu Glu Ser Phe Lys Ala Glu Thr Ser Thr Gly 
65 70 75 80 

Thr Glu Pro Leu Glu Glu Pro Asn Met Ser Ser Ser Ser Thr Ser Ala 
85 90 95 

Phe Glu Thr Trp lie He Lys Leu Glu Gin Gly Val Asn Val Phe Leu 
100 105 110 

Thr Asp Ser Val He Lys He Leu Asp Thr Leu Tyr Arg Asp Arg Thr 
115 120 125 

Tyr Ala Arg Phe Phe Val Leu Glu Thr He Ala Arg Val Pro Tyr Phe 
130 135 140 

Ala Phe Met Ser Val Leu His Met Tyr Glu Thr Phe Gly Trp Trp Arg 
145 150 155 160 

Arg Ala Asp Tyr Leu Lys Val His Phe Ala Glu Ser Trp Asn Glu Met 
165 170 175 

His His Leu Leu He Met Glu Glu Leu Gly Gly Asn Ser Trp Trp Phe 
180 185 190 

Asp Arg Phe Leu Ala Gin His He Ala Thr Phe Tyr Tyr Phe Met Thr 
195 200 205 
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Val Phe Leu Tyr He Leu Ser Pro Arg Met Ala Tyr His Phe Ser Glu 
210 215 220 

Cys Val Glu Ser His Ala Tyr Glu Thr Tyr Asp Lys Phe Leu Lys Ala 
225 230 235 240 

Ser Gly Glu Glu Leu Lys Asn Met Pro Ala Pro Asp He Ala Val Lys 
245 250 255 

Tyr Tyr Thr Gly Gly Asp Leu Tyr Leu Phe Asp Glu Phe Gin Thr Ser 
260 265 270 

Arg Thr Pro Asn Thr Arg Arg Pro Val He Glu Asn Leu Tyr Asp Val 
275 280 285 

Phe Val Asn He Arg Asp Asp Glu Ala Glu His Cys Lys Thr Met Arg 
290 295 300 

Ala Cys Gin Thr Leu Gly Ser Leu Arg Ser Pro His Ser He Leu Asp 
305 310 315 320 

Asp Asp Asp Thr Glu Glu Glu Ser Gly Cys Val Val Pro Glu Glu Ala 
325 330 335 

His Cys Glu Gly He Val Asp Cys Leu Lys Lys Ser He Thr Ser 
340 345 350 



<210> 3 
<211> 1387 
<212> ADN 
<213> poivron 

<400> 3 

ccacgcgtcc gataaaaaaa 
cttcagtttc ttcttcatat 
attctctatt ttcacttagg 
caagtagagt tcgagcaacg 
cttttgcacc taagagtttt 
ataattcatc ctcgaacggt 
tctttctcac ggattcagtg 
cgaggttttt cgttctggaa 
ttcacttgta cgagagcttt 
ccgagagctg gaatgagatg 
ggtggtttga ccgattcctt 
cgatgtatgc tttgagcccg 



tcaagaatgg cgatttccat 
tcagcatttt tgtgcaattc 
aattctcata gaacttttca 
ttgttaaaag agaatgaaga 
cctggtaatg tgggaggggg 
ctggagaaat gggttataaa 
ataaagattc ttgacacttt 
acaattgcaa gagttcctta 
ggttggtgga gacgagcaga 
caccatttac tcattatgga 
gcgcaacata ttgctgtatt 
agaatggcat atcatttctc 



atctgctatg agttttcgaa 60 
caagaaccca ttttgtttga 120 
gccttcgtta tcaaggaaat 180 
agaagtggtt gtggagaaat 240 
aaataatggg gagccacccg 300 
gattgagcag tctgtaaata 360 
gtatcacgac cgacactatg 420 
ttttgcattt atatctgttc 480 
ttatctgaag gtgcattttg 540 
ggaattaggt ggaaatgctt 600 
ctattatttc atgacagtct 660 
tgaatgtgtg gagcaccatg 720 
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catacgagac ttacgataaa ttcatcaagg atcaagaagc ggaattgaag aaattgcccg 780 
ctccaaagat tgcagtgagc tactacaccg gaggtgactt gtatttgttc gatgagtttc 840 
aaacatcacg agagcctaat actcgaaggc caaaaataga taatctgtac gacgtattca 900 
tgaacatcag agatgacgaa gcagagcatt gtaagacaat gaaagcgtgt caaacccatg 960 
ggagcctccg ctcccctcac acaaatccat gcgatgagtc tgaagacgat ccaggttgtt 1020 
cagtgcctca ggccgattgt gtaggtatcg tggattgtat aacgaaatct gtcgctgatc 1080 
ctaacgtcgg cagaaggtag ggaaaggaaa aacgcagaac gaaactatac atgtatatac 1140 
cagtacagcc aaatatacaa gaaatataca tacatattgt atcttttact ctctgaggaa 1200 
gagcttgtca aattgcccaa aaaatgggta ggcacttggt tttgttttca cctttcaata 1260 
atttgtacta aactatgaac aaatttgctc cggcacacta caactccata ggggtcctgt 1320 
tacgcttctg aactaaattt taacatattt ttgtcaacct tctcagcaaa aaaaaaaaaa 1380 
aaaaaaa 1387 



<210> 4 

<211> 357 

<212> PRT 

<213> poivron 

<400> 4 

Met Ala He Ser lie 
1 5 

Ser Tyr Ser Ala Phe 
20 

Ser Leu Phe Ser Leu 
35 

Ser Arg Lys Ser Ser 
50 

Glu Glu Val Val Val 
65 

Asn Val Gly Gly Gly 
85 

Asn Gly Leu Glu Lys 
100 

Phe Leu Thr Asp Ser 
115 

Arg His Tyr Ala Arg 
130 

Tyr Phe Ala Phe lie 



Ser Ala Met Ser Phe Arg 
10 

Leu Cys Asn Ser Lys Asn 
25 

Arg Asn Ser His Arg Thr 
40 

Arg Val Arg Ala Thr Leu 
55 

Glu Lys Ser Phe Ala Pro 
70 75 

Asn Asn Gly Glu Pro Pro 
90 

Trp Val He Lys He Glu 
105 

Val He Lys lie Leu Asp 
120 

Phe Phe Val Leu Glu Thr 
135 

Ser Val Leu His Leu Tyr 



Thr Ser Val Ser Ser 
15 

Pro Phe Cys Leu Asn 
30 

Phe Gin Pro Ser Leu 
45 

Leu Lys Glu Asn Glu 
60 

Lys Ser Phe Pro Gly 
80 

Asp Asn Ser Ser Ser 
95 

Gin Ser Val Asn He 
110 

Thr Leu Tyr His Asp 
125 

He Ala Arg Val Pro 
140 

Glu Ser Phe Gly Trp 
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145 150 155 160 

Trp Arg Arg Ala Asp Tyr Leu Lys Val His Phe Ala Glu Ser Trp Asn 
165 170 175 

Glu Met His His Leu Leu lie Met Glu Glu Leu Gly Gly Asn Ala Trp 
180 185 190 

Trp Phe Asp Arg Phe Leu Ala Gin His lie Ala Val Phe Tyr Tyr Phe 
195 200 205 

Met Thr Val Ser Met Tyr Ala Leu Ser Pro Arg Met Ala Tyr His Phe 
210 215 220 

Ser Glu Cys Val Glu His His Ala Tyr Glu Thr Tyr Asp Lys Phe lie 
225 230 235 240 

Lys Asp Gin Glu Ala Glu Leu Lys Lys Leu Pro Ala Pro Lys lie Ala 
245 250 255 

Val Ser Tyr Tyr Thr Gly Gly Asp Leu Tyr Leu Phe Asp Glu Phe Gin 
260 265 270 

Thr Ser Arg Glu Pro Asn Thr Arg Arg Pro Lys lie Asp Asn Leu Tyr 
275 280 285 

Asp Val Phe Met Asn lie Arg Asp Asp Glu Ala Glu His Cys Lys Thr 
290 295 300 

Met Lys Ala Cys Gin Thr His Gly Ser Leu Arg Ser Pro His Thr Asn 
305 310 315 320 

Pro Cys Asp Glu Ser Glu Asp Asp Pro Gly Cys Ser Val Pro Gin Ala 
325 330 335 

Asp Cys Val Gly lie Val Asp Cys lie Thr Lys Ser Val Ala Asp Pro 
340 345 350 

Asn Val Gly Arg Arg 
355 



<210> 5 
<211> 1284 
<212> ADN 
<213> tomate 
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<400> 5 

gaattcggca cgagcggcac gagcagaaaa 
taccttacct aagaagggta ttaatttgat 
gcgatttcga tttctgctat gagttttgga 
gctaggagtt ttgagaagtc atcagtttta 
tctgtttttc cgattcggaa atctgatggg 
tgtagagttc gagcaacgtt gttacaagag 
tttgcaccta agagttttcc tgataacgtg 
gattcatcct ctaacggtct agagaaatgg 
ttactcacgg attcagtgat aaagattctt 
aggttttttg ttctggaaac aattgcaagg 
cacatgtatg agagctttgg ctggtggaga 
gaaagctgga atgagatgca ccatttgctc 
tggtttgatc gatttcttgc acaacatata 
atgtatgctt tgagcccgag aatggcatat 
tacgagactt acgataaatt catcaaggat 
ccaaagattg cagtggacta ctacacggga 
acttcacgag agcctaatac tcgaagacca 
aacattagag atgacgaagc agagcattgt 
agccttcgtt ctccacacac agatccatgc 
gtacctcaag ctgattgtat aggtatcgtg 
caagtaacca aaaggtagga aaaggaaaaa 
atagacaaaa aaaaaaaaaa aaaa 



ctaacaactt tcccactttg gaattttctt 60 
tcttgtggga aggaagaagg atcaagaatg 120 
acctcagttt cttcatattc ttgttttaga 180 
tgcaattccc agaacccatg tcggtttaat 240 
gcttcacggt gttctgtttc taggaaatca 300 
aatgaagaag aagtggttgt ggagaaatct 360 
ggagggggaa gtaatgggaa gccaccagat 420 
gttataaagc ttgagcagtc tgtaaatatc 48 0 
gacactttgt atcacaaccg aaactatgcg 540 
gttccttatt ttgcatttat atcggttctt 600 
agggcagatt atatgaaagt gcattttgct 660 
attatggaag aattaggggg aaatgcttgg 720 
gctatattct attatttcat gacagtcttg 780 
catttctctg aatgtgtgga gagccatgca 840 
caaggagagg aattgaagaa tttgcccgct 9 00 
ggtgacttat atttatttga tgagtttcaa 960 
aaaatagata atctctatga cgtattcatg 102 0 
aaaacgatga aagcctgtca aactcacggg 108 0 
gatgattctg aagatgatac agggtgttcc 1140 
gattgtataa agaagtcagt caccgatact 1200 
cgcggacaaa ctatacttgt atatactagt 1260 

1284 
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SEQUENCE LISTING 



<110> CAROL, Pierre 
KUNTZ , Marcel 
MACHE, Regis 

<120> cDNA SEQUENCE TRANSCRIBING AN mRNA ENCODING THE TERMINAL OXIDASE 
ASSOCIATED WITH CAROTENOID BIOSYNTHESIS, AND USES THEREOF 

<130> 109326 

<140> US 09/807,867 
<141> 2001-06-15 

<15 0> PCT/IB99/01719 
<151> 1999-10-20 

<150> FR 9813283 
<151> 1998-10-20 

<160> 10 

1 



BilliliSBH 



<170> Patentln version 3.0 

<210> 1 

<211> 1396 

<212> DNA 

<213> Arabidopsis thaliana 



<400> 1 

ccgctcacat tgggattcgt cattcttctt ctaaaacccg caaaatttct ccatttctac 60 

caaaaatatc caacttttac ttttctttcc tgtgaaatta tctgctcaaa tctttggttc 120 

ctgacggaga tggcggcgat ttcaggcatc tcctctggta cgttgacgat ttcacggcct 180 

ttggttactc ttcgacgctc tagagccgcc gtttcgtaca gctcctctca ccgattgctt 240 

catcatcttc ctctctcttc tcgtcgtctg ctattaagga acaatcatcg agtccaagca 300 

acgattttgc aagacgatga agagaaagtg gtggtggagg aatcgtttaa agccgagact 360 

tctactggta cagaaccact tgaggagcca aatatgagtt cttcttcaac tagtgctttt 420 

gagacatgga tcatcaagct tgagcaagga gtgaatgttt tccttacaga ctcggttatt 480 

aagatacttg acactttgta tcgtgaccga acatatgcaa ggttctttgt tcttgagaca 540 

2 



attgctagag tgccttattt tgcgtttatg tctgtgctac atatgtatga gacctttggt 600 

tggtggagga gagcagatta tttgaaagta cactttgctg agagctggaa tgaaatgcat 660 

cacttgctca taatggaaga attgggtgga aattcttggt ggtttgatcg ttttctggct 720 

cagcacatag caaccttcta ctacttcatg acagtgttct tgtatatctt aagccctaga 780 

atggcatatc acttttcgga atgtgtggag agtcatgcat atgagactta tgataaattt 840 

ctcaaggcca gtggagagga gttgaagaat atgcctgcac cggatatcgc agtaaaatac 900 

tatacgggag gtgacttgta cttatttgat gagttccaaa catcaagaac tcccaatact 960 

cgaagaccag taatagaaaa tctatacgat gtgtttgtga acataagaga tgatgaagca 1020 

gaacactgca agacaatgag agcttgtcag actctaggca gtctgcgttc tccacactcc 1080 

attttagatg atgatgatac tgaagaagaa tcagggtgtg ttgttcctga ggaggctcat 1140 

tgcgaaggta ttgtagactg cctcaagaaa tccattacaa gttaataaat tagaaagtaa 1200 

actaaaaaag attatttgta tcagctcatg aacaatagat ataatcccat atacttggga 1260 

ataaaggaat aatgtgaaat tcccatcgtt gtgctagtgt gtgagagaat caaataccct 1320 

aatgatgtaa atgtactttg atgagcttaa gtcgttgtag accattttat caaaaaaaaa 1380 

aaaaaaaaaa aaaaaa 1396 
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<210> 2 

<211> 351 

<212> PRT 

<213> Arabidopsis thaliana 



<400> 2 



Met Ala Ala He Ser Gly He Ser Ser Gly Thr Leu Thr He Ser Arg 
1 5 10 is 



Pro Leu Val Thr 
20 

Ser His Arg Leu 
35 



Leu Arg Arg Ser 

Leu His His Leu 
40 



Arg Ala Ala Val 
25 

Pro Leu Ser Ser 



Ser Tyr Ser Ser 
30 

Arg Arg Leu Leu 
45 



Leu Arg Asn Asn His Arg Val Gin Ala Thr He Leu Gin Asp Asp Glu 
50 55 60 



Glu Lys Val Val Val Glu Glu Ser 
65 70 

Thr Glu Pro Leu Glu Glu Pro Asn 
85 

Phe Glu Thr Trp He He Lys Leu 
100 



Phe Lys Ala Glu Thr Ser Thr Gly 
75 80 

Met Ser Ser Ser Ser Thr Ser Ala 
90 95 

Glu Gin Gly Val Asn Val Phe Leu 
105 HO 
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Thr Asp Ser Val 
115 

Tyr Ala Arg Phe 
130 

Ala Phe Met Ser 
145 

Arg Ala Asp Tyr 

His His Leu Leu 
180 

Asp Arg Phe Leu 

195 

Val Phe Leu Tyr 
210 

Cys Val Glu Ser 
225 

Ser Gly Glu Glu 

Tyr Tyr Thr Gly 
260 



lie Lys lie Leu 
120 

Phe Val Leu Glu 
135 

Val Leu His Met 
150 

Leu Lys Val His 
165 

He Met Glu Glu 

Ala Gin His He 
200 

lie Leu Ser Pro 
215 

His Ala Tyr Glu 
230 

Leu Lys Asn Met 
245 

Gly Asp Leu Tyr 



Asp Thr Leu Tyr 

Thr He Ala Arg 
140 

Tyr Glu Thr Phe 

155 

Phe Ala Glu Ser 
170 

Leu Gly Gly Asn 
185 

Ala Thr Phe Tyr 

Arg Met Ala Tyr 
220 

Thr Tyr Asp Lys 
235 

Pro Ala Pro Asp 
250 

Leu Phe Asp Glu 
265 



Arg Asp Arg Thr 
125 

Val Pro Tyr Phe 

Gly Trp Trp Arg 
160 

Trp Asn Glu Met 
175 

Ser Trp Trp Phe 
190 

Tyr Phe Met Thr 
205 

His Phe Ser Glu 

Phe Leu Lys Ala 
240 

He Ala Val Lys 
255 

Phe Gin Thr Ser 
270 
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Arg Thr Pro Asn 
275 

Phe Val Asn lie 
290 

Ala Cys Gin Thr 
305 

Asp Asp Asp Thr 

His Cys Glu Gly 
340 

<210> 3 
<211> 1387 
<212> DNA 
<213> capsicum 



Thr Arg Arg Pro 
280 

Arg Asp Asp Glu 
295 

Leu Gly Ser Leu 
310 

Glu Glu Glu Ser 
325 

lie Val Asp Cys 



Val lie Glu Asn 

Ala Glu His Cys 
300 

Arg Ser Pro His 
315 

Gly Cys Val Val 
330 

Leu Lys Lys Ser 
345 



Leu Tyr Asp Val 
285 

Lys Thr Met Arg 

Ser lie Leu Asp 
320 

Pro Glu Glu Ala 
335 

lie Thr Ser 
350 



<400> 3 

ccacgcgtcc gataaaaaaa tcaagaatgg cgatttccat atctgctatg agttttcgaa 60 

cttcagtttc ttcttcatat tcagcatttt tgtgcaattc caagaaccca ttttgtttga 120 

attctctatt ttcacttagg aattctcata gaacttttca gccttcgtta tcaaggaaat 180 

caagtagagt tcgagcaacg ttgttaaaag agaatgaaga agaagtggtt gtggagaaat 240 
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cttttgcacc taagagtttt cctggtaatg tgggaggggg aaataatggg gagccacccg 300 

ataattcatc ctcgaacggt ctggagaaat gggttataaa gattgagcag tctgtaaata 360 

tctttctcac ggattcagtg ataaagattc ttgacacttt gtatcacgac cgacactatg 420 

cgaggttttt cgttctggaa acaattgcaa gagttcctta ttttgcattt atatctgttc 480 



ttcacttgta cgagagcttt ggttggtgga gacgagcaga ttatctgaag gtgcattttg 540 

ccgagagctg gaatgagatg caccatttac tcattatgga ggaattaggt ggaaatgctt 600 

ggtggtttga ccgattcctt gcgcaacata ttgctgtatt ctattatttc atgacagtct 660 

cgatgtatgc tttgagcccg agaatggcat atcatttctc tgaatgtgtg gagcaccatg 720 

catacgagac ttacgataaa ttcatcaagg atcaagaagc ggaattgaag aaattgcccg 780 

ctccaaagat tgcagtgagc tactacaccg gaggtgactt gtatttgttc gatgagtttc 840 



aaacatcacg agagcctaat actcgaaggc caaaaataga taatctgtac gacgtattca 900 



tgaacatcag agatgacgaa gcagagcatt gtaagacaat gaaagcgtgt caaacccatg 960 
ggagcctccg ctcccctcac acaaatccat gcgatgagtc tgaagacgat ccaggttgtt 1020 



cagtgcctca ggccgattgt gtaggtatcg tggattgtat aacgaaatct gtcgctgatc 1080 
ctaacgtcgg cagaaggtag ggaaaggaaa aacgcagaac gaaactatac atgtatatac 1140 
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cagtacagcc aaatatacaa gaaatataca tacatattgt atcttttact ctctgaggaa 1200 

gagcttgtca aattgcccaa aaaatgggta ggcacttggt tttgttttca cctttcaata 12 60 

atttgtacta aactatgaac aaatttgctc cggcacacta caactccata ggggtcctgt 1320 

tacgcttctg aactaaattt taacatattt ttgtcaacct tctcagcaaa aaaaaaaaaa 1380 

aaaaaaa 138*7 

<210> 4 

<211> 357 

<212> PRT 

<213> capsicum 

<400> 4 

Met Ala lie Ser lie Ser Ala Met Ser Phe Arg Thr Ser Val Ser Ser 
15 10 15 

Ser Tyr Ser Ala Phe Leu Cys Asn Ser Lys Asn Pro Phe Cys Leu Asn 
20 25 30 

Ser Leu Phe Ser Leu Arg Asn Ser His Arg Thr Phe Gin Pro Ser Leu 
35 40 45 
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Ser Arg Lys Ser 
50 

Glu Glu Val Val 
65 

Asn Val Gly Gly 

Asn Gly Leu Glu 
100 

Phe Leu Thr Asp 
115 

Arg His Tyr Ala 
130 

Tyr Phe Ala Phe 
145 

Trp Arg Arg Ala 

Glu Met His His 
180 

Trp Phe Asp Arg 
195 



Ser Arg Val Arg 
55 

Val Glu Lys Ser 
70 

Gly Asn Asn Gly 
85 

Lys Trp Val lie 

Ser Val lie Lys 
120 

Arg Phe Phe Val 
135 

lie Ser Val Leu 
150 

Asp Tyr Leu Lys 
165 

Leu Leu lie Met 

Phe Leu Ala Gin 
200 



Ala Thr Leu Leu 
60 

Phe Ala Pro Lys 
75 

Glu Pro Pro Asp 
90 

Lys lie Glu Gin 
105 

lie Leu Asp Thr 

Leu Glu Thr lie 
140 

His Leu Tyr Glu 
155 

Val His Phe Ala 
170 

Glu Glu Leu Gly 
185 

His lie Ala Val 



Lys Glu Asn Glu 

Ser Phe Pro Gly 
80 

Asn Ser Ser Ser 
95 

Ser Val Asn lie 
110 

Leu Tyr His Asp 
125 

Ala Arg Val Pro 

Ser Phe Gly Trp 
160 

Glu Ser Trp Asn 
175 

Gly Asn Ala Trp 
190 

Phe Tyr Tyr Phe 
205 
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Met Thr Val Ser 
210 

Ser Glu Cys Val 
225 

Lys Asp Gin Glu 

Val Ser Tyr Tyr 
260 

Thr Ser Arg Glu 
275 

Asp Val Phe Met 
290 

Met Lys Ala Cys 
305 

Pro Cys Asp Glu 

Asp Cys Val Gly 
340 

Asn Val Gly Arg 
355 

<210> 5 



Met Tyr Ala Leu 
215 

Glu His His Ala 
230 

Ala Glu Leu Lys 
245 

Thr Gly Gly Asp 

Pro Asn Thr Arg 
280 

Asn lie Arg Asp 
295 

Gin Thr His Gly 
310 

Ser Glu Asp Asp 
325 

lie Val Asp Cys 
Arg 



Ser Pro Arg Met 
220 

Tyr Glu Thr Tyr 
235 

Lys Leu Pro Ala 
250 

Leu Tyr Leu Phe 
265 

Arg Pro Lys lie 

Asp Glu Ala Glu 
300 

Ser Leu Arg Ser 
315 

Pro Gly Cys Ser 
330 

lie Thr Lys Ser 
345 



Ala Tyr His Phe 

Asp Lys Phe lie 
240 

Pro Lys lie Ala 
255 

Asp Glu Phe Gin 
270 

Asp Asn Leu Tyr 
285 

His Cys Lys Thr 

Pro His Thr Asn 
320 

Val Pro Gin Ala 
335 

Val Ala Asp Pro 
350 
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<211> 1284 
<212> DNA 
<213> tomato 

<400> 5 

gaattcggca cgagcggcac gagcagaaaa ctaacaactt tcccactttg gaattttctt 60 

taccttacct aagaagggta ttaatttgat tcttgtggga aggaagaagg atcaagaatg 120 

gcgatttcga tttctgctat gagttttgga acctcagttt cttcatattc ttgttttaga 180 

gctaggagtt ttgagaagtc atcagtttta tgcaattccc agaacccatg tcggtttaat 240 

tctgtttttc cgattcggaa atctgatggg gcttcacggt gttctgtttc taggaaatca 300 

tgtagagttc gagcaacgtt gttacaagag aatgaagaag aagtggttgt ggagaaatct 360 

tttgcaccta agagttttcc tgataacgtg ggagggggaa gtaatgggaa gccaccagat 420 

gattcatcct ctaacggtct agagaaatgg gttataaagc ttgagcagtc tgtaaatatc 480 

ttactcacgg attcagtgat aaagattctt gacactttgt atcacaaccg aaactatgcg 540 

aggttttttg ttctggaaac aattgcaagg gttccttatt ttgcatttat atcggttctt 600 

cacatgtatg agagctttgg ctggtggaga agggcagatt atatgaaagt gcattttgct 660 

gaaagctgga atgagatgca ccatttgctc attatggaag aattaggggg aaatgcttgg 720 
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tggtttgatc gatttcttgc acaacatata gctatattct attatttcat gacagtcttg 780 

atgtatgctt tgagcccgag aatggcatat catttctctg aatgtgtgga gagccatgca 840 

tacgagactt acgataaatt catcaaggat caaggagagg aattgaagaa tttgcccgct 900 

ccaaagattg cagtggacta ctacacggga ggtgacttat atttatttga tgagtttcaa 960 

acttcacgag agcctaatac tcgaagacca aaaatagata atctctatga cgtattcatg 1020 

aacattagag atgacgaagc agagcattgt aaaacgatga aagcctgtca aactcacggg 1080 

agccttcgtt ctccacacac agatccatgc gatgattctg aagatgatac agggtgttcc 1140 

gtacctcaag ctgattgtat aggtatcgtg gattgtataa agaagtcagt caccgatact 1200 

caagtaacca aaaggtagga aaaggaaaaa cgcggacaaa ctatacttgt atatactagt 1260 

atagacaaaa aaaaaaaaaa aaaa 1284 



<210> 6 

<211> 19 

<212> DNA 

<213> Artificial 

<220> 

12 



<223> PCR primer 
<400> 6 

gcaacgattt tgcaagacg 

<210> 7 

<211> 24 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<400> 7 

ttaacttgta atggatttct tgag 

<210> 8 

<211> 171 

<212> PRT 

<213> soybean 



<400> 8 



Tyr Arg Thr Val Lys Leu Leu Arg He Pro Thr Asp Leu Phe Phe Lys 
1 5 10 15 



Arg Arg Tyr Gly 
20 

Pro Gly Met Val 
35 

Phe Gin Gin Ser 
50 

Asn Glu Arg Met 
65 

Trp Tyr Glu Arg 

Ala Phe Phe Val 
100 

Val Gly Tyr Leu 
115 

Lys Asp Leu Glu 
130 

Ala He Asp Tyr 
145 



Cys Arg Ala Met 

Gly Gly Met Leu 
40 

Gly Gly Trp He 
55 

His Leu Met Thr 
70 

Leu Leu Val Leu 
85 

Leu Tyr He Leu 

Glu Glu Glu Ala 
120 

Ser Gly Ala He 
135 

Trp Arg Leu Pro 
150 



Met Leu Glu Thr 
25 

Leu His Leu Arg 

Lys Ala Leu Leu 
60 

Met Val Glu Leu 
75 

Ala Val Gin Gly 
90 

Ser Pro Lys Val 
105 

He His Ser Tyr 

Glu Asn Val Pro 
140 

Lys Asp Ala Arg 
155 



Val Ala Ala Val 
30 

Ser Leu Arg Lys 
45 

Glu Glu Ala Glu 

Val Lys Pro Lys 
80 

Val Phe Phe Asn 
95 

Ala His Arg He 
110 

Thr Glu Tyr Leu 
125 

Ala Pro Ala He 

Leu Lys Asp Val 
160 
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He Thr Val He Arg Ala Asp Glu Ala His His 
165 170 

<210> 9 
<211> 366 
<212> PRT 
<213> tomato 



<400> 9 

Met Ala He Ser 

1 

Tyr Ser Cys Phe 
20 

Asn Ser Gin Asn 
35 

Ser Asp Gly Ala 
50 

Arg Ala Thr Leu 
65 

Ser Phe Ala Pro 



He Ser Ala Met 
5 

Arg Ala Arg Ser 

Pro Cys Arg Phe 
40 

Ser Arg Cys Ser 
55 

Leu Gin Glu Asn 
70 

Lys Ser Phe Pro 
85 



Ser Phe Gly Thr 
10 

Phe Glu Lys Ser 
25 

Asn Ser Val Phe 

Val Ser Arg Lys 
60 

Glu Glu Glu Val 
75 

Asp Asn Val Gly 
90 



Ser Val Ser Ser 
15 

Ser Val Leu Cys 
30 

Pro He Arg Lys 
45 

Ser Cys Arg Val 

Val Val Glu Lys 
80 

Gly Gly Ser Asn 
95 
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Gly Lys Pro Pro 
100 

lie Lys Leu Glu 
115 

Lys lie Leu Asp 
130 

Val Leu Glu Thr 
145 

Leu His Met Tyr 

Lys Val His Phe 
180 

Met Glu Glu Leu 
195 

Gin His He Ala 
210 

Leu Ser Pro Arg 
225 

Ala Tyr Glu Thr 



Asp Asp Ser Ser 

Gin Ser Val Asn 
120 

Thr Leu Tyr His 
135 

He Ala Arg Val 
150 

Glu Ser Phe Gly 
165 

Ala Glu Ser Trp 

Gly Gly Asn Ala 
200 

He Phe Tyr Tyr 
215 

Met Ala Tyr His 
230 

Tyr Asp Lys Phe 
245 



Ser Asn Gly Leu 
105 

He Leu Leu Thr 

Asn Arg Asn Tyr 
140 

Pro Tyr Phe Ala 
155 

Trp Trp Arg Arg 
170 

Asn Glu Met His 
185 

Trp Trp Phe Asp 

Phe Met Thr Val 
220 

Phe Ser Glu Cys 
235 

He Lys Asp Gin 
250 



Glu Lys Trp Val 
110 

Asp Ser Val He 
125 

Ala Arg Phe Phe 

Phe He Ser Val 
160 

Ala Asp Tyr Met 
175 

His Leu Leu lie 
190 

Arg Phe Leu Ala 
205 

Leu Met Tyr Ala 

Val Glu Ser His 
240 

Gly Glu Glu Leu 
255 
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Lys Asn Leu Pro 
260 

Asp Leu Tyr Leu 
275 

Arg Arg Pro Lys 
290 

Asp Asp Glu Ala 
305 

Gly Ser Leu Arg 

Asp Thr Gly Cys 
340 

Cys lie Lys Lys 
355 

<210> 10 

<211> 357 

<212> PRT 

<213> capsicum 



Ala Pro Lys lie 

Phe Asp Glu Phe 
280 

lie Asp Asn Leu 

295 

Glu His Cys Lys 
310 

Ser Pro His Thr 
325 

Ser Val Pro Gin 

Ser Val Thr Asp 
360 



Ala Val Asp Tyr 
265 

Gin Thr Ser Arg 

Tyr Asp Val Phe 
300 

Thr Met Lys Ala 
315 

Asp Pro Cys Asp 
330 

Ala Asp Cys lie 
345 

Thr Gin Val Thr 



Tyr Thr Gly Gly 
270 

Glu Pro Asn Thr 
285 

Met Asn lie Arg 

Cys Gin Thr His 
320 

Asp Ser Glu Asp 
335 

Gly lie Val Asp 
350 

Lys Arg 
365 



<400> 10 
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Met Ala He Ser 
1 

Ser Tyr Ser Ala 
20 

Ser Leu Phe Ser 
35 

Ser Arg Lys Ser 
50 

Glu Glu Val Val 
65 

Asn Val Gly Gly 

Asn Gly Leu Glu 
100 

Phe Leu Thr Asp 
115 

Arg His Tyr Ala 
130 

Tyr Phe Ala Phe 
145 



He Ser Ala Met 
5 

Phe Leu Cys Asn 

Leu Arg Asn Ser 
40 

Ser Arg Val Arg 
55 

Val Glu Lys Ser 
70 

Gly Asn Asn Gly 
85 

Lys Trp Val lie 

Ser Val He Lys 
120 

Arg Phe Phe Val 
135 

lie Ser Val Leu 
150 



Ser Phe Arg Thr 
10 

Ser Lys Asn Pro 
25 

His Arg Thr Phe 

Ala Thr Leu Leu 
60 

Phe Ala Pro Lys 
75 

Glu Pro Pro Asp 
90 

Lys He Glu Gin 
105 

He Leu Asp Thr 

Leu Glu Thr He 
140 

His Leu Tyr Glu 
155 



Ser Val Ser Ser 
15 

Phe Cys Leu Asn 
30 

Gin Pro Ser Leu 
45 

Lys Glu Asn Glu 

Ser Phe Pro Gly 
80 

Asn Ser Ser Ser 
95 

Ser Val Asn He 
110 

Leu Tyr His Asp 
125 

Ala Arg Val Pro 

Ser Phe Gly Trp 
160 
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Trp Arg Arg Ala Asp 
165 

Glu Met His His Leu 
180 

Trp Phe Asp Arg Phe 
195 

Met Thr Val Ser Met 
210 

Ser Glu Cys Val Glu 

225 

Lys Asp Gin Glu Ala 
245 

Val Ser Tyr Tyr Thr 
260 

Thr Ser Arg Glu Pro 
275 

Asp Val Phe Met Asn 
290 

Met Lys Ala Cys Gin 
305 



Tyr Leu Lys Val His Phe 
170 

Leu lie Met Glu Glu Leu 
185 

Leu Ala Gin His lie Ala 

200 

Tyr Ala Leu Ser Pro Arg 
215 

His His Ala Tyr Glu Thr 
230 235 

Glu Leu Lys Lys Leu Pro 
250 

Gly Gly Asp Leu Tyr Leu 
265 

Asn Thr Arg Arg Pro Lys 
280 

lie Arg Asp Asp Glu Ala 
295 

Thr His Gly Ser Leu Arg 
310 315 



Ala Glu Ser Trp Asn 
175 

Gly Gly Asn Ala Trp 
190 

Val Phe Tyr Tyr Phe 
205 

Met Ala Tyr His Phe 
220 

Tyr Asp Lys Phe lie 
240 

Ala Pro Lys lie Ala 
255 

Phe Asp Glu Phe Gin 
270 

lie Asp Asn Leu Tyr 
285 

Glu His Cys Lys Thr 
300 

Ser Pro His Thr Asn 
320 
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Pro Cys Asp Glu Ser Glu Asp Asp Pro Gly Cys Ser Val Pro Gin Ala 
325 330 335 

Asp Cys Val Gly lie Val Asp Cys lie Thr Lys Ser Val Ala Asp Pro 
340 345 350 

Asn Val Gly Arg Arg 
355 
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